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IWHEIN  it  is  attempted,  as  in  works  of  the  following 
liescription,   to  sketch  the  actual  state  of  a  particular 
Bcience,  and  at  the  same  time  to  point  out  a  few  of  the 
conclusions  that  may  be  hazarded  from  known  facts,  an 
Ruthor  has  always  great  ditficuity  in  avoiding  unnecessary 
and  tedious  detail  on  the  one  hand  ;  while,  on  the  other, 
le  must  notice  such  facts  as  may  convince  a  student  that 
le  is  not  wandering  in  a  wilderness  of  crude  hypotheses 
unsupported  assumptions. 

The  present  edition  contains  so  many  additions  to  the 

iter  part  of  the  Work,  that  it  would  be  tedious,  and, 

indeed,    somewhat  difficult  to  enumerate  them.     The 

^chief  alteration  consists  in  removing  the  various  lists  of 

organic  remains  to  the  end  of  the  volume,  where  they 

be  more  readily  consulted.     The  Work  has  also,  at 

le  suggestion  of  friends,  been  printed  in  a  larger  form, 

in  a  larger  type,  the  small  type  of  the  former  editions 

laving  only  been  retained  for  the  lists  of  organic  remains. 

Under  the  heads  of  Inferior  Stratified,  and  Unstratified 

cks,  calculations  have  been  introduced  respecting  the 

'substances  of  which  such  rocks  are  chemically  composed; 

and  it  is  hoped  that  these  calculations  may  be  found 
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useful,  as  also  some  observations  respecting  geological 
maps  and  sections,  and  the  geological  examination  of  a 
country. 

The  Author  has  availed  himself  largely  of  the  additions 
made  by  M.  von  Dechen,  with  the  assistance  of  the  ce- 
lebrated Von  Buch  and  other  German  geologists,  to 
the  German  translation  of  this  Work,  more  particularly 
as  respects  the  geology  of  Germany  and  the  lists  of  or- 
ganic remains.  He  has  not  been  able  to  avail  himself 
of  any  additions  to  the  French  translation  of  the  Manual, 
made  under  the  superintendence  of  M.  Brochant  de  Vil- 
liers,  as  it  will  not  appcir  much  before  the  present  edition  ; 
but  the  Author  is  informed  that  it  will  contain  a  further 
development,  by  M.  Elie  de  Beaumont,  of  his  theory  of 
the  elevation  of  mountain  chains,  as  also  additions  to 
the  lists  of  organic  remains.  He  has  not  seen  a  copy 
of  the  American  edition  of  this  Work,  and  is  therefore 
not  aware  that  any  additions  have  been  made  to  it. 

There  can  be  little  doubt  that,  from  a  strong  desire  to 
find  similar  organic  remains  in  supposed  equivdent  de- 
posits, even  at  great  distances,  and  from  an  equally  strong 
desire  to  discover  new  species,  the  same  organic  remains, 
particidarly  shells,  often  figure  in  our  catalogues  under 
two  names,  while  different  species  are  made  to  appear 
as  one.  Notwithstanding  these  difficulties,  it  will,  how- 
ever, be  evident,  from  a  glance  of  these  catalogues,  that 
a  great  mass  of  intbrm,ation  has  been  gradually  collected 
on  this  subject  alone,  from  which  the  most  important 
results  must  follow,  even  though  the  various  lists  may 
require  very  considerable  correction. 

While  availing  himself  of  these  and  similar  catalogues, 
the  student  should  be  careful  to  recollect,  that  however 
great  and  valuable  the  aid  of  Zoology  and  Botany  may 
be  in  geological  investigations,  Physics  and  Chemistry 
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of  Still  greater  importance ;  inasmuch  as  the  former 
can  only  be  employed  with  advantage  in  explanation  of 
a  portion  of  the  phaenomena  observed,  while  the  latter 
are  available  to  a  ver)'  great  extent  in  explanation  of  the 
whole. 

The  Author  has  been  particulai'ly  anxious  to  point  out 
his  various  sources  of  information,  even  when  he  himself 
has  visited  the  same  countries  ;  that,  independently  of 
the  fundamentJil  principle  suum  cuique,  the  student 
should  be  enabled  more  fully  to  avail  himself  of  the 
labours  of  the  various  authors  cited,  by  referring  to  their 
published  works  for  greater  detail  than  could  be  admitted 
into  a  volume  of  this  description. 

In  a  rapidly  advancing  science  like  Geology,  to  which 
new  facts  are  constantly  added,  and  in  which  the  chances 
of  new  views  by  their  combination  are  consequently  mul- 
tiplied, it  is  almost  impossible  to  avoid  hazarding  certain 
general  conclusions,  when  the  various  known  facts  pass  in 

1  review  before  us.  In  those  which  the  Author  has  ventured 
to  bring  forward,  he  has  endeavoured  always  to  follov^'  that 
system  of  induction  which  can  alone  lead  to  exact  know- 
ledge ;  but  as  truth,  and  truth  alone,  is  the  object  of  all  sci- 
ence, he  can  sincerely  declare, — that  if  from  the  discovery 
of  new  facts,  or  from  more  sound  views  respecting  those 
already  known,  his  conclusions  should  not  appear  tenable, 
he  would  not  only  be  most  ready  to  abandon  them,  but  to 
rejoice  that  an  untenable  hypothesis  may  have  been  the 
means  of  leading  to  more  exact  knowledge,  if  it  should 

,  have  fortunately  so  happened  that  it  promoted  the  requi- 
site inquiry.    Essentially  it  is  of  little  importance  whose 

I  or  what  theory  may  in  the  end  be  found  most  accurate ;  so 

'long  as  we  approximate  towards  the  truth,  we  accomplish 
all  that  can  be  expected ;  and  it  is  clear,  that  the  greater 

I  the  amount  of  known  facts,  the  greater  the  chance  of  accu- 
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racy,  not  only  from  the  largcrmassof  information  presented 
to  the  mind,  but  also  from  the  frequent  checks  offered  to 
hasty  conclusions. 

Happily  facts  have  become  so  multiplied,  that  Geology 
is  daily  emerging  from  that  state  when  an  hypothesis,  pro- 
vided it  were  brilliant  or  ingenious,  was  sure  of  advocates 
and  temporary  success,  even  when  it  sinned  against  the 
Jaws  of  physics  and  facts  themselves.  It  is  not  difficult 
to  foresee,  that  this  science,  essentially  one  of  observation, 
instead  of  being,  as  formerly,  loaded  with  ingenious  specu- 
lations, will  be  divided  into  different  branches,  each  in- 
vestigated by  those  whose  particular  acquirements  may 
render  them  most  competent  to  do  so  ;  the  various  com- 
binations of  inorganic  matter  being  examined  by  the 
Natural  Philosopher,  while  the  Natural  Historian  will 
find  ample  occupation  in  the  remains  of  the  various  ani- 
mals and  vegetables  which  have  lived  at  different  periods 
on  the  surface  of  the  earth. 
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Section  I. 

Figure  of  the  Earlh. 

^_  It  has  been  concludecl,  both  iruni  astronomical  and  geo- 
^Hesical  observations,  ihut  the  figure  of  the  earth  is  a  spheroid. 
^VTIiis  spheroid  has  been  considered  as  one  of  rotation,  or  such 
^Pa  figure  as  a  fluid  body  would  assume  if  possessed  of  rotatory 
'      motion  in  space. 

The  amount  of  the  flattening  of  the  poles,  or  the  difTerence 
of  the  diameter  of  the  earth  from  pole  to  pole,  and  its  diameter 
at  the  equator,  has  been  variously  estimated ;  but  it  is  com- 
monly received  that  the  polar  axis  is  to  the  equatorial  diameter 
as  S04  to  305,  the  compreKsioii  of  the  earth,  or  flattening  at 
Ijtbe  poles,  being  thus  considered  as  =  ^^y. 

^^V                        The  cqiiatonal  diameter  about  ^  7'J2I  miles.* 
^^^^^^  The  jwljir  axis =  7898 

^^^^^m  DifTerence 

^^^^  Density  of  the  Earth. 

^P     Various  opinions  have  been  entertained   on  this  subject; 
but  it  appears  certain  that  the  internal  density  is  greater  than 

*  Conaidering  the  flattening  of  the  poles  m  =:  tIti  M.  Daubuiuun  Itas 
^made  the  following  calculations: — 

Radius  at  the  equator     ....         637fi8.')l  metres. 
Semi-terrestrial  axis       ....         6355943 
Diff  or  flattening  of  poles  .     .     .  20908 

Radius  in  lat  45° 6.')G6407 

A  degree  at  same  lat     ....  111115 

A  d^ree  of  long,  in  same  lat     .  78828 

Suiface  of  otu  earth 5098857  square  myriametret. 

The  volume I0826.'J4OO0  cubicmyrinmetret. 

Traits  de  G^ognosie,  ed.  2mc,  torn.  i. 
B 


S  Stipetjicial  Distribution  of  Land  and  Water, 

the  solid  su(>erficinl  density.  Daubulsson  infers  from  the  ob- 
servations of  Maskelyne,  Plaj  fair,  and  Cavendish,  that  "the 
mean  density  of  the  earth  is  about  five  limes  greater  than  that 
of  water,  and  consequently,  about  double  that  of  the  mineral 
crust  of  our  globe*."  Laplace  considered  the  mean  density 
of  our  spheroid  as  =  l'55y  the  solid  surface  being  1.  Accord- 
ing to  Daily,  the  density  of  the  earth  is  3*9326  times  greater 
than  tliat  of  the  sun,  and  is  to  that  of  water  as  1 1  to  2  f. 

Superficial  Disiribution  of  Land  and  Water. 

The  relative  proportion  of  dry  land  to  the  ocean,  as  it  at 
present  exists,  is  such,  that  nearly  three-fourths  of  the  whole 
surface  of  the  globe  may  be  assigned  to  the  latter.  Of  the 
former,  the  configuration  is  very  various,  presenting  the 
greatest  surface  in  the  Northern  hemisphere.  Although  the 
land  sometimes  rises  high  above  the  level  of  the  sea,  according 
to  our  general  ideas  on  such  subjects,  it  is,  in  reality,  but 
slightly  removed  above  that  level,  when  considered,  as  it 
should  be,  with  reference  to  the  radius  of  the  earth  %,  The 
superficies  of  the  Pacific  Ocean  alone  is  estimated  as  some- 
what greater  than  that  of  the  whole  dry  land  with  which  we 
are  acquainted.  Dry  land  can  only  be  considered  as  so  nmch 
of  the  rough  surface  of  our  globe  as  may  happen,  for  tlie  time, 
to  be  above  the  level  of  the  waters,  beneath  which  it  may  again 
disappear,  as  it  has  done  at  different  previous  periods.  La- 
place calculated  that  the  mean  depth  of  the  ocean  was  a  smalt 
fraction  of  twenty-five  miles,  the  difference  produced  in  the 
diameters  of  the  earth  by  the  flattening  of  the  poles.  It  has  been 
variously  estimated  at  between  two  and  three  miles.  The  mean 
heightof  the  dry  land  above  tlie  ocean-level  does  not  exceed  two 
miles,  but  probably  falls  far  short  of  it ;  therefore,  assuming  two 
miles  for  the  mean  depth  of  the  ocean,  the  waters  occupying 
three-fourths  of  the  earth's  surface,  the  present  dry  land  might 
be  distributed  over  the  bottom  of  the  ocean,  in  such  a  manner 
that  the  surface  of  the  globe  would  present  a  mass  of  waters  ; 
—an  important  possibility,  for,  with  it  at  command,  every  va- 
riety of  the  superficial  tiistrlbution  of  land  and  water  may  be 
imagined,  and  consequently  every  variety  of  organic  life,  each 
suited  to  the  various  situations  and  climates  under  which  it 
would  be  placed. 

The  surface  of  the  globe's  solid  crust  is  so  uneven,  that  the 
ocean,  preserving  a  general  level,  enters  among  the  dry  land 

•  Traits  de  G^ognoiie,  ed.  2me,  torn,  j.  p.  18. 
f  Baily,  AHtronomical  Tables. 

;  See  Uie  disgram  in  my  Section!  and  View*  illustrative  of  Geological 
Plienomena,  pi.  40. 
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la  vaHoiu  directions,  forming  what  are  commonly  termed  in- 
land seas ;  such  as  the  Baltic,  lle<i,  and  Mediterranean  ix&s, 
in  H-hicii  geological  changes  may  be  effected  different  from 
those  in  the  open  ocean. 

Masses  of  salt  water  are  sometimes  included  in  the  drj'  land, 
which  have  been  termed  Caspians,  from  the  Caspian  Sea,  the 
largest  of  them.  These  have  no  communication  with  the  main 
ocean ;  indeed  the  level  of  the  Caspian  is  much  lower  than 
that  of  the  Black  or  Mediterranean  Seas,  the  former  body  of 
salt  water  occupying,  with  lake  Aral  and  other  minor  lakes, 
the  lower  part  of  an  extensive  depression  in  Western  Asia, 
(from  200  to  300  feel  under  the  general  ocean-level,)  which 
receives  the  waters  of  the  Volga  and  other  rivers.  These 
bodies  of  salt  water  have  been  variously  accounted  for;  some 
supposing  that  they  have  been  left  isolated  by  a  change  in  the 
relative  level  of  land  and  water,  while  others  imagine  their 
soilness  to  arise  from  their  occurrence  in  countries  impreg- 
nated with  saline  matter.  It  is  stated,  in  support  of  the  latter 
opinion,  that  the  Caspian,  and  the  lakes  Aral,  Baikal,  &c.  are 
situated  where  salt  springs  abound.  Whatever  may  be  their 
origin,  it  will  be  obvious,  that  if  the  fresh  water  they  receive 
be  not  equal  to  their  evaporation,  they  will  become  gradually 
more  salme,  until,  the  water  being  saturated,  the  surplus  salt 
will  be  deposited  at  the  bottom,  and  strata  of  it  will  be  formed 
of  a  size  and  deptli  proportioned  to  those  of  the  lake  or  sea. 

It  would  be  out  of  place  to  attempt  a  general  description  of 
nil  the  various  combinations  of  land  and  water,  with  which  all 
must  be  more  or  less  familiar;  but  it  may  be  useful  to  notice 
that  fiesh-water  lakes  cover  very  considerable  spaces,  and 
that  thus  very  extensive  deposits  may  now  take  place,  which 
can  only  envelope  the  remains  of  terrestrial  or  fresh-water 
animalii  and  vegetables. 

Saltncss  and  Specific  Gravity  of  the  Sea. 

The  whole  body  of  the  ocean  is  composed  of  salt  water, 
which  does  not  vary  very  materially  in  composition,  as  far  as 
we  can  judge  Irom  the  experiments  made  on  it. 

From  evaporation  and  the  fall  of  rain,  the  sea  will  be  less 
salt  at  the  surface  than  at  some  little  depth  beneatli  it. 

According  to  Dr.  Murray,  sea- water  collected  from  tlie 
Firlh  of  Forth  contained,  in  1 0, 000  parts, 

Common  salt     ....  22O-01 
Sulphate  of  Roda    .     .  3>J'lfi 

Muriate  of  magiiniia  .  42'()8 

Muriatf  of  lime  .     .       7'8'1 


aoao9 
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Dr.  Marcet  states  that  500  grains  of  sea- water,  taken  from 
the  middle  of  the  Nortli  Atlantic,  contained, 

MuriRtc  of  soda     .     .     .13-3 
Sulphate  of  soda  .     .     2*33 


Muriate  of  lime 
Muriate  of  magnesia  . 


0-995 
4-955 


21-580 


According  to  the  experiments  of  Dr.  Fjfe  (Edin.  Phil. 
Journal,  vol.!.),  the  waters  of  the  ocean  between  61°  52'  N. 
and  78"  35'  N.  do  not  differ  much  in  their  saline  contents, 
these  being  between  3"27  and  3 -91  per  cent. — The  waters 
were  obtained  by  Scoresby. 

M.  Eichwald  informs  us,  that  the  waters  of  the  Caspian  Sea 
contain  much  sulphate  of  magnesia,  in  addition  to  the  various 
other  salts  held  in  solution  by  them. 

Dr.  Marcet  instituted  a  series  of  experiments  on  llie  spe- 
cific gravity  of  water,  of  which  the  following  are  the  results  : 


Sp.  Gr. 
Arctic  Ocean  ....  1*02664 
Northern  Hemisphere   .  1  "02829 

Equator 102777 

Sotithem  Hemisphere    .  1-02382 

VdluwSea 1-02281 

Mediterranean.     .     .     .   1-0293 


Son  of  Mannora 
Black  Sea  , 
Wliite  Sea  .     . 
Baltic     .     .     . 
Ice-Sea  Water 
Lake  Oiirinia  . 


S[l.    V,T. 

1-01!)1j 
1  0H19 
)-()l!»i.ll 
10152.'? 
1-00057 
1  16507 


The  same  author  concluded  from  his  ob.servations, 

"  1.  That  llie  Southern  Ocean  contains  more  salt  than  the 
Northern  Ocean  in  the  ratio  of  1-029 J 9  to  l-Oii757. 

"2.  That  the  mean  specific  gravity  of  sea-water  near  tlie 
equator  is  1-02777,  intermediate  between  that  of  the  Northern 
and  Southern  iiemisphcrcs. 

"  3.  That  there  is  no  notable  difference  in  sea-water  under 
different  meridians. 

"  4-.  That  there  is  no  satisfactory  evidence  that  the  sea  at 
great  depths  is  more  salt  than  at  the  surface  *. 

"  5.  That  the  sea,  in  general,  contains  more  salt  where  it  is 
deepest  and  most  remote  from  land ;  and  that  its  saliness  is 
always  diminished  in  the  vicinity  of  large  masses  of  ice. 

•  The  author  of  the  abstract  of  Dr.  Marcet's  obnervations  in  the  Kdin. 
Phil  .foumal,  cites  the  following  obsen-ations  of  Mr.  Seoreaby  in  support  of 
Uiia  concluBion. 

Sp.  Gr. 
("Surface  ....  l-02(Jl 
Lat.  76**16'N.<J  At  7;{8feel  .  .  1-0270 
LAi  13S0  feet  .  .  1-0269 
rSurface  ....  1-02C5 
i  At  120  feet  .  .  102G1 
IjiI.  rC.ll'N.^  At  210  feet  .  .  1  02(;6 
j  At  3G0  A'l-r  .   l-02<iS 

(_  At  600  feet      .     .   1  0267 
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•*6.  That  (rmnll  inland  seas,  though  communicating  with 
the  ocean,  are  much  less  salt  thnii  the  ocean. 

**  7.  The  Mediterranean  contains  rather  larger  proportions 
of  salt  than  the  ocean  V 

M.  Lenas,  who  accompanied  Kotzebue's  expedition,  inferred 
from  numerous  experiments  lhat» 

1.  The  Atlantic  Ocean  is  Salter  than  the  South  Sea;  and 
ihe  Indian  Ocean,  being  the  transition  from  the  one  to  the 
other,  is  salter  towards  the  Atlantic,  on  the  west,  than  towards 
the  South  Sen,  on  the  east. 

2.  In  each  of  these  three  great  oceans  there  exists  a  maxi- 
mum of  saltness  towards  the  north,  and  anoilier  towards  the 
south;  the  first  being  further  from  the  etjuator  than  the  se- 
cond. The  minimum  between  these  two  points  is  a  few  de- 
grees south  of  the  equator  in  the  Atlimtic,  and  probably  also 
in  the  Pacific,  though  M.  Lenz's  observatious  did  not  extend 
sufficiently  low  in  the  Pacific. 

S.  In  the  Atl.intJc  ilie  western  portion  is  more  salt  than  the 
CMstern.  In  the  Pacific  the  saltness  docs  not  appear  to  alter 
witli  the  longiturle. 

*.  In  proceeding  north  from  the  northern  maximum,,  the 
»pecilic  gravity  of  the  water  dimij^iishes  constantly  as  the  lati- 
tude increases. 

The  same  author  considers  that,  from  the  equator  to  45"  N., 
die  water  of  the  sea,  to  the  depth  of  1000  Fathoms,  possesses 
the  same  degree  of  saltness  f. 

The  saltness  of  the  sea,  particularly  that  of  its  surface,  would 
seem  greatly  to  depend  on  the  proximity  of  nearly  permanent 
ice,  and  of  large  or  numerous  rivers.  Thus,  as  is  s«en  above, 
ihe  Baltic,  White,  Black,  and  Yellow  Seas  are  less  suit  than 
the  main  ocean,  because  iheyare  supplied  with  comparatively 
large  quantities  of  fresh  water.  From  the  small  pro|K>riion  of 
salt  contained  in  the  Black  Sea  and  Sea  of  Azof,  the  bays  of 
Uie  former  frequently  contain  ice,  aiitl  the  latter  is  staled  to  be 

I  frozen  over  during  iour  months  in  the  year. 
i    The  superior  salttiess  of  the  Mediterranean,  though  an  in- 
land sea,  is  attributed  to  the  evaporation  of  its  surface,  which 
U  !»up|K>sed  greater  than  the  quantity  of  fresh  water  with  which 
it  is  supplieu.     In  consequence,  two  great  currents,  one  from 
the  Black  Sea  and  the  other  from  the  Atlantic,  flow  into  it  to 
supply  the  waste  caused  by  evaporation. 
^m      1  he  saline  contentsof  thesea  are  important,  as  all  chemical 
^■than^ev  or  <]eposits,  taking  place  in  it,  will  be  more  or  less  af- 
^^fectetl  by  them.     The  gravity  and  pressure  of  the  sea  are  of 

•  Phil.  Trana.  ISIU,  nnd  Kdiii.  Phil.  Journal,  vol.  ii. 
t  Ivdin.  Joura.  of  Science,  April  I8S2. 
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still  greater  consequence ;  for,  as  the  pressure  increases  with 
the  depth,  effects,  which  would  be  possible  at  one  depth,  would 
be  imfiossible  at  another.  Thus,  it  is  obvious  from  the  inge- 
nious experiments  of  Sir  Jnmes  Hall,  that  carbonate  of  lime 
may  be  fused  by  heat  without  the  loss  of  its  carbonic  acid,  if 
subjected  to  pjreat  pressure,  such  as  exists  at  the  bottom  of  the 
deep  sea.  The  pressure  of  the  sea  must  also  have  consider- 
able iivfiuence  on  the  kind  of  animal  and  vegetable  life  found 
at  diflerent  depths  j  and  we  may  infer  that  beneath  very  deep 
seas  such  life  does  not  exist,  great  pressure  and  the  absence  of 
the  necessary  light  being  as  destructive  to  it  as  the  cold  and 
the  rarit}'  of  the  air  are  in  the  higher  regions  of  the  atmo- 
sphere. 

The  compressibility  of  water,  which  was  for  a  long  time 
doubted,  has  been  proved  by  experiment.  According  to  the 
observations  of  M.  tErsted,  corrected  for  the  pressure  of  part 
of  the  apparatus  employed,  this  compressibility  amounts  to 
4-6'65  millionths  of  its  volume  for  a  pressure  equal  to  each  at- 
mosphere. The  experiments  of  MM.  Colladon  and  Sturm, 
corrected  in  the  same  manner,  make  the  compressibility  of 
water,  not  deprived  of  air,  equal  to  47-85  millionths  for  each 
atmosphere;  white  that  of  water,  deprived  of  air,  is  etjual  to 
4-£)"65  millionths  under  the  same  pressure  *.  M.  Poisson  es- 
timates that  it  would  require  a  pressure  equal  to  1100  atmo- 
spheres to  reduce  water  six  hundredths  of  its  volume  f. 
Water  containinn;  salts  in  solution  is  fotmd  to  be  somewhat 
less  compressible.  It  follows,  lliat  at  great  dcjHhs,  and  be- 
neath a  great  pressure  of  the  ocean,  a  given  quantity  of  water 
will  occupy  a  less  space  tlmn  on  the  surface,  and  will,  conse- 
quently, by  this  circumstance  alone,  have  its  specific  gravity 
increased. 

Temperature  of  tke  Earth. 

The  superficial  temperature  of  our  planet  is  certainly  very 
materially  influenced  by,  if  it  may  not  be  entirely  due  to,  solar 
heat.  That  the  difference  of  seasons,  and  of  the  climates  of 
various  latitudes,  originates  in  the  greater  or  less  exposure  to 
the  sun,  is  obvious.  That  local  circumstances  cause  great  va- 
riations of  superficial  teniperature,  is  also  well  known;  yet  the 
principle  seems  to  prevail,  that  under  equal  circumstances,  the 
tein})crature  decreases  from  the  tropics  to  the  poles. 

It  would  be  useless  to  increase  the  size  of  this  volume  with 
a  detail  of  the  various  temperatures  that  have  been  observed 


•  Pouillct,  Elutncns  de  Phys.  Exp6riineutak'6,  2ine  cd.  t-  ii.  p.  65. 
t  Poiswii,  Nouvcllc  TbC'orie  dc  I  Action  Capiilairc,  p.  277. 
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ifierent  slluations,  or  of  the  modifications  arising  from  local 

les ;  this  vvili  be  found  in  various  works  devoted  to  the 
ubject,— more  particularly  in  Humboldt's  Treatise  on  Iso- 
ihermal  Lines. 

Respecting  the  temperature  of  our  globe»  M.  Arago  has 
made  the  following  remarks :— "  1st,  In  no  part  of  the  earth 
OD  land,  and  in  no  season,  will  a  thermometer  raised  from  two 
to  three  metres  above  the  ground,  and  protected  from  all  re- 
verberation, attain  the  ^fith  centigrade  degree :  2ndly,  In  the 
open  sea,  the  temperature  of  the  air,  whatever  be  the  place 
aad  season,  never  attains  the  5 1st  centigrade  degree:  Srdiy, 
The  greatest  degree  of  cold  which  has  ever  been  observed 
upon  our  globe,  with  the  thermometer  suspended  in  the  air, 
is  50  centigrade  degrees  below  zero  :  4lhly,  The  temperature 
of  the  water  of  the  sea,  in  no  latittide,  and  in  no  season,  rises 
above  +  30  centigrade  degrees  *" 

Geologists  have  discovered  that  the  superficial  temperature 
of  the  earth  has  not  always  remained  the  same,  and  that  there 
i&  evidence  of  a  verj'  considerable  decrease.  This  evidence 
will  be  found  scattered  over  sucli  jiarts  of  the  following  pages 
as  treat  of  organic  remains,  and  therefore  need  not  be  adduced 
here.  It  may,  however,  be  right  to  remark,  that  it  rests  on 
the  discovery  of  vegetable  and  animal  remains  entombed  in 
situations,  where,  from  the  want  of  a  congenial  temperature, 
such  animals  or  vegetables  would  now  be  unable  to  exist. 
Undoubtedly  this  inference  rests  on  the  supposed  analogy  be- 
tween animals  and  vegetables  now  existing,  and  those  ol  a  si- 
milar general  structure  found  in  various  rocks,  and  at  various 
depths  beneath  the  earth's  surface :  but  as  we  now  find  every 
animal  and  vegetable  suited  to  the  situations  proper  for  them, 
we  have  a  right  to  infer  design  at  all  periods,  and  under  every 
possible  slate  of  our  eartli's  surface;  and  therefore  to  consider, 
that  similarly  constituted  animals  and  vegetables  have,  in  ge- 
neral, bad  similar  habitats. 

This  decrease  in  surface-temperature  may  arise  either  from 
external,  superficial,  or  internal  causes. 

External  Iii/iuence, — Heat,  derived  from  the  sun,  producing 
such  great  eflects  at  present,  it  has  been  supposed  that  a  dif- 
ference in  the  relative  position  of  our  planet  and  our  great  lu- 
ninary  would  cause  a  corresponding  change  in  the  surface- 
temperature  of  the  globe.  Theories  have  been  invented  which 
soppose  such  a  change  in  the  earth's  axis  as  would  render  the 
present  poles  parts  of  the  equator,  and  thus  capable  of  having 
once  supported  a  tropical  vegetation,  which  has  gradually 
disappeared,  and  been  replaced  by  such  plants  as  can  exist 

Ann.  de  Pbys.  et  de  Chlm.  torn,  xicvii. ,  and  Edln.  PKU.  Joum.  1826. 
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amkl  masses  of  ice  and  snow.  Mr.  Herschel,  viewing'liin 
subject  with  Uie  eye  of  an  astronomer,  considers  that  a  di- 
minution of  the  surface-temperature  might  arise  from  a  change 
in  the  ellipticity  of  tlie  earlli's  orbit,  which,  though  slowly, 
graJuaUy  becomes  more  circular.  No  calculations  having  yet 
been  made  as  to  the  probable  amount  of  decreased  tempera- 
ture from  this  cause,  it  can  at  present  be  only  considered  as  a 
possible  explanation  of  those  geological  phiienomena  which 
point  to  considerable  alternlions  in  climates  *. 

Superficial  Iiifiuetice. — A  decrease  of  temfieralure  may  arise 
from  such  a  variation  in  the  relative  position  of  land  and  water, 
and  in  the  elevation  and  f(»rm  of  land,  as  may  cause  the  cli- 
mate, in  any  given  position  on  the  earth's  surface,  so  to  change, 
that  a  greater  heat  may  precede  a  less  heat,  and  the  land  be 
capable  of  supporting  the  vegetables  and  animals  of  liol  cli- 
mates at  one  time,  and  be  incapable  of  doing  so  at  another. 
For  this  ingenious  theory  we  are  indebted  lo  Mr.  Lyell  f.  It 
supposes  a  combination  of  external  and  internal  causes;  the 
latter  raising  or  depressing  the  land  in  the  proper  situations, 
the  former  supplying  the  necessary  heat.  It  also  .supposes 
the  possible  recurrence  of  a  warm  climate,  so  that  the  <iame 
situations  might  altctnately  be  placed  under  the  influence  of  a 
raised  and  a  depressed  temperature.  We  have  so  i'cw  data 
for  estimating  the  value  of  this  theory,  that  it  can  only  be  con- 
bidered  as  a  possible  explanation  of  a  diminished  temperature. 
It  must,  however,  be  admitted,  that,  in  every  stale  of  the 
earth's  surface,  the  relative  tlisposition  of  land  and  water,  and 
the  form  or  elevation  of  the  lanti,  would  always  have  had,  as 
they  now  have,  very  considerable  influence  on  climate. 

Internal  htfluence. — From  the  earliest  times  an  opinion  has 
existed  among  philosophers  that  a  central  heat  exists; — an 
opinion  naturally  arising  from  the  pha^nomcna  of  volcanos  and 
hot  springs.  But,  notwithstanding  this  opinion,  it  was  not 
until  a  comparatively  late  period  that  direct  experiments  were 
instituted,  for  the  purpose  of  determining  whether  the  tem- 
perature does,  or  does  not,  increase  with  the  depth,  or  from 
the  surface  downwards. 

Various  observations  have  been  made  on  the  temperature  of 
mines  in  Great  Britain,  France,  Saxony,  Switzerland,  and 
even  Mexico.  All  those  made  previous  to  1827  were  collected, 
arranged,  and  commented  on  by  M,  Cordier|.  Ex[ieriments 
on  the  temperature  of  mines  have  been  made  in  various  ways; 


•   liinscliL-l,  GcoLTmuB.,  2ml  scrieg,  vol.  iii. 
t  Prijieipleis  of  Geology. 

X  Essai  sui  la  Temperature  dt  I'lnt^rieur  <k"  lu  T«rru :  Mi-UL  de  TAcad. 
torn.  vii. 
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jmetimes  by  ascertaining  ilie  heat  of  air  in  the  galleries,  some- 

btiines  that  of  the  stagnant  water  at  various  levels ;  at  others, 

>y  observing  the  temperature  of  springs  at  different  depths, 

'^or  that  of  the  waters  pumped  up  from  below ;  and  sometimes, 

though  rarely,  by  obtaining  the  temperature  of  the  rock  itself 

^t  various  levels. 

It  soon  suggested  itself  that,  though  these  experiments 
pointed  to  an  increase  of  tem|Terature  as  we  descended,  the 
presence  of  tlie  miners  with  their  lamps  or  candles,  and  the 
explosions  of  gunpowder  in  some  mines,  would  cause  an  in- 
^v  creased  heat  of  the  air  in  galleries,  sufficient  to  produce  ex- 
^■ceedingly  grave  errors.  M.  Cordier  endeavours  to  assign  to 
^Btliese  and  other  objections  their  full  value.  It  is  calculated 
^rtliat  a  miner  disengages,  in  an  hour,  a  quantity  of  heat  suffi- 
cient to  raise  the  temperature  of  a4>2  cubic  metres  of  air,  one 
,4€^ee  above  a  previous  heat  of  12°  centigrade.  It  is  also 
piterred  that  four  miners'  lamps  will  produce  as  much  heat  as 
hree  miners.  It  is  furilier  calculated  that  the  presence  of  two 
lliundred  miners  and  two  hundred  tamps,  properly  separated 
[from  eiich  other,  would  elevate  the  temperature  of  a  gallery 
diose  dimensions  are  one  metre  by  two,  and  y.S,(XX)  metres 
jng,  about  one  degree  (centigrade)  in  one  hour.  M.  Cordier 
'^filso  mentions,  that  in  the  coal-mine  of  Carmenux  "  nineteen 
lamps  and  twenty-four  miners,  scattered  through  two  levels, 
^K«nd  continually  employed  during  six  days  in  the  week,  pro- 
^■lluceil,  by  the  hour,  a  heat  sufficient  to  raise  the  temperature 
^Bof  tlie  air  in  the  galleries  by  l°-66  cent."  The  air  in  tliese 
^■galleries  was  estimated  at  1SJ,560  cubic  metres. 

Another  source  of  error  arises  from  the  circulation  of  air  in 
toines,  and  its  intnxluction  from  the  surface.     This  will  vary 
according  to  the  local  distribution  of  the  galleries  in  a  mine; 
but  there  will  always  be  a  tendency  to  replace  expanded  and 
heated  air  by  that  which  is  more  dense  and  cold ;  consequently, 
from  whatever  cause  the  heat  of  a  mine  may  be  derived,  if  the 
^.air  in  it  be,  as  usually  happens,  warmer  than  tliat  of  the  sur- 
^Hfiice,  the  cold  air  will  always  strive  to  get  into  the  mine,  and 
^^the  heated  air  to  escape  from  it     It  follows,  that  the  entrance 
of  air  Irom  the  exterior  surface  tends  to  lower  the  tempera- 
ture of  the  mine,  and  in  some  measure  to  check  tlte  heat 
^^  caused  by  the  workings.     M.  Cordier  •  observes,  on  this  sub- 
^Mect,  that  the  mean  temperature  of  Me  mas.s  of  air,  introduced 
^"into  a  mine  during  a  year,  is  lower  than  the  mean  temperature 
of  tlie  country  for  the  same  year,  and  estimates  the  difference 
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It  bu  been  •tipposed,   the  air  in  iiiiiicH  being  under  a  grcuter  nresHura 
than  thaiai  tht  suri'acr,  and  imdrrgoingthb  clianguin  a  short  timcj  that  heat 
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between  them  at  between  2°  and  3°  ceuL  for  the  greater  part 
of  the  mines  in  our  climate. 

The  waters  in  mines  may  either  give  too  high  or  too  low  a 
tempernture,  as  they  may  be  either  derived  from  beneath  or 
above.  If  waters  descend  from  the  surface  into  a  mine,  they 
will  carry  with  them  their  original  temperature,  modified  by 
tlie  heat  of  the  substiinces  through  which  ihey  passj  so  that 
tlieir  difference  of  temperature  in  the  mine  ana  on  the  surface 
will  depend  on  their  abundance  or  scarciity,  and  on  their 
slowness  or  rapidity  of  raoliom  Moreover  they  will  constantly 
lend  to  reduce  the  surfaces  of  rock  through  which  lliey  per- 
colate to  their  own  temperature.  The  same  remarks  apply  to 
water  derived  from  a  lower  level. 

The  temperature  observed  in  the  rock  itself  wiil  be  more  or 
less  affected,  according  to  circumstances,  by  that  of  the  water 
or  air  near  it.  So  that  the  sides  of  a  mine,  to  certain  distances, 
might  possess  a  heat  not  common  to  the  mass  of  rock  at  the 
same  level. 

From  these  various  sources  of  error,  to  which  others  might 
be  added,  the  observations  made  under  circumstances  that 
miglit  be  influenced  by  ihcm,  can  only  be  considered  as  ap- 
proximacions  towards  an  estimate  of  the  value  of  this  mode  of 
inquiry.  To  render  each  set  of  observations  available  for  what 
they  may  be  worth,  M.  Cordier  has  classed  those  made  under 
different  circumstances  under  different  heads.  His  tables, 
thus  formed,  have  also  the  great  advantage  of  being  reduced 
to  common  measures  of  heat  and  depth. —  From  these  the  fol- 
lowing have  been  selected  as,  perhaps,  least  liable  to  error  •. 


would  be  evolved  Bufficient  to  cftiise  the  anpoarnncc  of  an  incKBBc  of  tem- 
perature eorresponding  with  an  increased  depth.  But  as  the  cold  air  will 
Decome  expanded  by  ijig  heiUed  uir  of  the  working*,  and  as  the  change  of 

{>re»8ure  cannot  be  very  sudden,  this  does  not  appear  suftictent  to  account 
or  t]ie  pliEcnomcna  observed.  According  to  Mr.  Ivory  (Phil.  Mag.  and 
Annals,  of  Phil.  vol.  i.  p.  94),  one  degree  of  heat,  of  Fahrenheit's  scale, 
will  be  extrionted  from  air  when  it  iindergocs  condensation  ^  ^^tr !  and  if  a 
iua»8  of  air  were  suddenly  reduced  to  half  its  bulk,  the  heat  evolved  would 
be  =  90". 

•  The  temperature  in  these  tables  ib  marked  in  degrees  of  the  centigrade 
thermometer.  IVhen  we  consider  the  simplicity  of  this  scale,  and  the  faci- 
lities with  which  calculations  can  be  made  with  it,  it  seems  stron^H  that  its 
use  should  not  be  generally  adopted  in  (his  coimtry,  where  we  continue  to 
employ,  fiom  habit,  the  least  philosophical  of  the  three  scales.  The  centi- 
grade scale  can  easily  be  reduced  to  Uiat  of  Fahrt-nheit,  by  considering  that 
the  latter  is  to  the  former,  between  the  freezing  and  boiling  point*  of  water, 
as  180  to  loo,  or  as  9  to  5.  The  degrees  of  Ileaujnur's  scale  are  (o  those 
of  Fahrenheit's  as  4  to  9.  A«  the  zero  of  Fahrenheit's  scale  is  IV2°  of  that 
scale  below  the  zero  io  the  others,  it  is  always  necessary  to  make  a  proper 
allowance  for  it. 
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Tables  of  the  Temperature  of  the  Rock  in  Mines. 

I.  Thermometer  placed  in  a  niche  cut  in  the  rock,  distant  from 
the  principal  workings  : — the  bulb  in  the  rock ;  the  rest  in 

IE  glass  tube; — the  whole  covered  by  a  glass  door,  closing 
the  niche,  and  only  opened  for  observation. 
Stxony.   DeTrtbra. )   / 
||805,  1800,  1807../  \ 

(71-9  S-75  8- 

1682  12-81  8- 

268-2  l."!-  8- 

379-54  18-75  8' 

II.  Thermometer  plunged  in  the  earthy  matters  at  the  bottom 
of  galleries,  whicli  had  been  inundated  two  days*. 

Cornwall.     Vox.        \  ,,„:.„,,  m,-„„.  /318  30-8         10- 


Depth. 

Uetm. 
Mine   of  Bcschert  \  180 
Gliick ;  lead  &  ail  /  260 


ll-2a 
15- 


0 
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Published  1821. 


United  Mines 


\366 


31-1 


lo- 


ll I.  Thermometer  fixed  in  the  rock  of  a  gallery,  for  eighteen 
months  at  a  yard  deep. 

'iSnf  d  S. . .  }  '>"'-""' '''        ''-^      ''' 

*  M.  Cordier  remarks  on  the  error  that  may,  in  this  case,  arise  from  the 
lixrd  temperature  of  the  galleries,  before  inundation,  produced  by  the  ii!<ual 
in  mines  at  work,  and  of  the  waters  during  inundation.  On  this  sub- 
he  cites  some  observations  of  his  own  at  Ravin,  near  Canneaux,  which 
bow  that  the  differences  of  temperature  between  the  nibbish  on  the  floor  of 
be  galleries,  and  that  proper  to  the  level,  amounted  to  2°-6,  2°-8,  and  even 
-1  oentigmdc. 


Temperature  of  the  Earth. 

Tabu  of  the  Temperatures  of  the  Rock  observed  in  the  Coal^ 
mines  at  Carvteaux^  LHtrifi  and  Decise. 

Carmeaux.         ntpa,.     rmptniim*. 

Motrei.  iWr. 

Wutrr  of  the  well  V6riac 62  12-9 

W.iler  of  the  well  Bigonrc 11-5  1315 

Ruck  at  the  bottijtii  of  Ravin  Mine     .    .    .    181*0  17"1 

Rnck  ut  the  boUom  of  Castellan  Mine    .    .    192-  19*5 

Littry. 

Surface 0'  II* 

Rock  at  the  hottom  of  St,  Charles  Mine — V       „„.  ifi-n' 

mean  of  2  obs j 

Decise. 

Water  of  the  well  P^lisson 8-8  11-4 

Water  of  the  Puiti  des  Pavilions    ....  16-9  11 1*7 

Hock  in  the  Jacob!?  Mine 107-  17-78 

-^^ — 171-  22-1 

Tliese  observations  were  made  with  great  care  ;  "  the  ther- 
mometer was  loosely  rolled  in  seven  turns  of  silk  paper,  closed 
at  l)uttom,  and  lied  by  a  string  a  little  beneath  the  other  ex- 
tremity (jf  the  instrument,  so  that  so  much  of  the  tube  might 
be  wiilidrawn  as  might  be  necessary  for  an  observation  of  the 
scale,  without  fearing  the  contact  of  the  air:  the  whole  con- 
tained in  a  tin  case,"  This  was  introduced  into  a  hole  from 
«^4  to  2(i  inches  in  depth  and  1 4-  in  diameter,  inclined  at 
an  angle  of  10°  or  15°;  so  that  the  air  once  entered  into 
the  holes  could  not  be  renewed,  because  it  became  cooler, 
and  consequently  heavier,  than  diat  of  the  galleries.  The 
thermometer  was  kept  as  nearly  as  possible  at  the  tempera- 
ture of  the  rock,  by  plunging  it  among  pieces  of  rock  or 
coal  freshly  broken  offi  and  by  holding  it  a  few  instants  at 
the  mouth  of  the  hole,  into  which  it  was  afterwards  shut,  a 
strong  stopper  of  [laper  closing  the  aperture.  The  thermo- 
meter generally  remained  in  this  hole  about  an  hour  •. 

i      Temperature  of  Water  in  Artesian  JVcIls,  and  in  neglected 

Mines. 

Artesian  wells  are  well  known  as  borings,  by  which  water, 
at  different  distances  from  the  surface,  rises  to,  and  even  above, 
that  surfi>ce,  from  its  endeavour  to  escape.     According  to  the 

•  Where  llie  investigation  of  the  increase  «r  docrease  of  temperature,  be- 
neath huch  a  depth  as  may  he  nut  of  almuspheric  iiifliu  nces,  is  so  eassy,  with 
a  few  iiceessary  precautions,  it  is  surprisin*;,  that  in  the  British  collieries 
which  mv  so  numerous,  and  many  of  which  am  vcrj-  deep,  so  few  direct  ex- 
periments ahuuld  have  bccu  made  on  the  temperature  oftiie  rock  itaclf. 


observations  oFM,  Arago,  the  greater  the  depth  of  these  wells, 
the  higher  is  the  temperature  of  the  waters  that  tlow  from 
them. 

From  experiments  made  by  M.  Fleuriau  dc  Bellevue>  in  an 

I  Artesian  wetl  on  the  sea-side  near  Rochelle,  the  temjwraturc 
Increases  with  the  depth.  The  well,  at  the  time  of  the  first 
experiment,  was  S-^  inches  in  diameter,,  and  316  feet  deep,  and 
in  it  a  column  of  hrackish  and  stagnant  water  rose  to  the 
height  of  294  feet.  On  February  14th,  1830,  he  found  the 
temperature  at  the  bottom,  after  the  thermometer  had  re- 
mained there  24  hours,  to  be  =  16°'25  centigrade;  the  ex- 
ternal air  being =10^'6.  At  II  feet  beneath  the  surface  of 
the  water  the  temperature  was  found  =  13''-12  cent  after  the 
instrument  had  remained  17  hours.  Common  wells,  varying 
in  depth  from  22  to  28  feet,  allbrded  at  die  same  titne  a  mean 
temperature  of  8°'7S.  On  March  22nd,  MM.  Eniy  and  Gun 
made  further  experiments  on  the  same  well,  whicn  was  then 
sunk  to  the  depth  of  125'16  metres,  or  3691  metriciil  feet. 
They  found  the  temperpture  at  the  bottom,  after  the  thermo- 
meter had  remained  there  25  Iiours,  =  18°12  cent.  Fearful  of 
some  inaccuracy  in  this  experiment,  they  repeated  it  the  next 
day,  when,  after  the  instrument  had  remained  at  the  bottom 
for  15  hours,  they  obtained  exactly  the  same  result.  M. Fleu- 
riau de  Bellevue  estimates  the  mean  temperature  of  the  country 
^  at  1 1°-87  cent.* 

^P  These  experiments  were  conducted  with  great  care,  and 
^^  seem  highly  illustrative  of  an  increase  of  heatTrom  the  surface 
to  the  interior;  for  the  column  of  water  being  subject  to  the 
usual  laws,  it  would  efjualiKe  its  temperature  by  the  descent  of 
the  cooler,  and  the  ascent  of  the  warmer  water,  if  a  constant 
source  of  comparatively  considerable  heat  did  not  exist  at 
the  bottom. 

In  the  waters  of  neglected  mines  also  there  are  numerous 
observations  tending  to  show  that  the  waters  do  not  follow  the 
laws  of  their  greatest  specific  gravity  in  such  situations,  but 
that  the  temperatures  greatly  increase  with  their  depth.  Cer- 
tainly, In  many  situations,  such  as  in  recently  Hooded  mines, 
the  water  would  be  heated  by  the  galleries  in  which  work  had 
been  carried  on ;  but  such  influence  could  not  continue  for  a 
long  period,  and  there  are  numerous  observations  which  show 
an  mcrease  of  temperature  in  neglected  mines.  On  a  subject 
of  this  kind,  however,  great  caution  is  necessary  in  obtaining 
the  true  temperature,  and  it  is  very  desirable  that  many  of  the 
experiments  should  be  repeated  f. 

•  Fleuriau  de  Bellevxie,  Jnumal  dc  Geologic,  torn.  i. 

t  A  cold  spring  perculatin;,'  rapidly  from  the  Mirlace  to  the  deep  wat«ri  of 
a  neglected  niiae  would  tend  tu  coul  tUe  wutern  :it  »ik')i  doptitii. 


Temper aturt -of  Springt. 


Temperature  of  Springs. 

The  temperature  of  surface-springs  has  been  supposed  to 
give  nearly,  if  not  altogether,  the  mean  temperature  of  the 
countries  m  which  they  appear.  Their  value  in  this  respect 
would  depend  on  wlietner  the  waters  which  supply  them  be 
derived  from  above  or  beneath,  that  is,  whether  they  percolate 
from  the  surface  through  porous  strata  until  thrown  out  by  im-i 
pervious  beds,  or  are  forced  by  some  means  from  comparatively 
greater  depths  upwards.  Many  springs,  we  well  know,  come 
within  the  first  class;  but  many,  we  are  also  certain,  come 
within  the  second,  for  their  temperatures  are  greatly  above 
what  they  could  have  acquired  by  mere  percolation  down- 
wards. 

At  Paris,  the  oscillations  of  the  temperature  of  the  earth 
do  not  quite  cease  at  28  metres.  Professor  Kupffer  considers 
that  25  metres  from  the  surface  will  afford  a  depth  beneath 
which  springs  rise  with  a  uniform  temperature  throughout  the 
year,  being  sufficiently  removed  from  atmospheric  influences, 
Admittinnj  this,  it  is  clear  that  if  surface-springs  be  small,  and 
rise  slow-ly,  they  may  have  their  temperatures  somewhat 
changed  during  tlieir  passage  through  the  25  metres  ;  while  if 
they  rise  quicklvt  and  their  waters  be  copious,  they  will  suffer 
little  change  in  their  traverse  through  that  thickness.  The 
question,  however,  of  whence  the  waters  may  have  been  de- 
rived, remains  the  same. 

Professor  Kupffer  has  constructed  the  following  Table, 
principally  from  Von  Buch's  Treatise  on  the  Temperature  of 
Springs,  and  from  Humboldt's  Treatise  on  Isothermal  Lines, 
with  the  view  of  corroborating  the  observations  of  Walilen- 
berg,  that  the  temperature  of  springs  in  high  latitudes  is 
greater  than  that  of  the  air,  and  of  those  of  Von  Hum- 
boldt and  Von  Buch,  who  found  that  in  low  latitudes  the  tem- 
perature of  springs  was  lower  than  that  of  the  air; — showing 
*'that  the  temperature  of  the  earth  is  sometimes  very  diflerent 
from  the  mean  temperature  of  the  air,  and  that  its  distribution 
follows  different  laws*," 

•  Kupfi'er  on  the  M«aD  Temperature  of  the  Atmosphere  and  of  the  Eartli 
in  some  i'urts  of  Hussia:  Edin.  New  Phil.  Journ.  vol.  vjii. :  and  Poggen- 
dorTs  Annalcii,  1829. 
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Smith. 

Humboldt. 

Hamilton. 

Hunter. 

Ferrier. 

Hamilton. 

Von  Buch. 

Nonet. 

Mansfield. 

Vl'arden. 

Cordier. 

SftusAure. 

Bouvurd. 

Kirwan. 
Dalton. 

Ertnan. 

Playfair. 

Wnlilenberg. 


To  this  should  be  added  Professor  Kupffer's  own  observa- 
tions in  Russia. 
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The  above  tables,  if  correct,  are  sufficient  to  show  that, 
though  the  terrestrial  temperature,  as  deduced  from  springs, 
decreases  from  the  equator  to  the  poles,  it  does  not  decrease 
According  to  the  mean  temperature  of  the  air  above  it.  This 
seems  to  point  out  that  there  is  some  modifjfing  cause  in 
action  independent  of  solar  influence.  Wahlenbcrg  has  no- 
ticed that  many  deep-rooted  plants  and  trees  only  flourish 
because  the  temperature  of  the  earth  exceeds  the  mean  tem- 
perature of  the  air ;  and  Professor  Kupffer  remarks  that  he 
I  has  often  had  occasion  to  confirm  this  observation  in  the 
northern  Urals. 
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At  the  contact  of  the  atmosphere  and  earth,  we  ^houUi  ex-. 
pect,  if  they  possessed  diflereut  .sources  ()!' tempei'nlure,  th 
they  would  mutually  act  on  each  other,  and  that  therefore 
equal  mean  temperature  of  diHereiu  parts  of  the  earth's  sur- 
face would,  to  a  certain  extent,  correspond  with  equal  terre 
trial  temperatures,  as  deduced  from  moderate  depths.     Tl 
may  perhaps  account  for  Professor  Kupffer's  conclusion,  tl 
*'  ii  we  draw  lines  through  all  the  points  which  have  the  sa 
terrestrial  temperature,  these  isogeothermal  lines  resemble 
isotheniml,  as  they  are  parallel  to  the  equator,  but  divergi 
from  it  in  several  points*." 

The  temperature  of  the  surface,  as  deduced  from  springs, 
is  undoubtedly  liable  to  many  errors,  as  it  rests  on  the  assump- 
tion that  they  take  the  temperature  of  the  earth  at  moderate 
depths.  Those  springs  which  percolate  through  porous  strata, 
until  thrown  out,  may  take  this  temperature  ;  but  those  which 
seem  lo  come  from  beneath  cannot  be  supposed,  though  cooled 
in  their  passage  upwartis,  to  do  so. 

The  evidence  that  many  springs  rise  from  considerable 
depths,  and  possess  a  temperature  independent  of  solar  influ- 
euce»  rests  on  their  great  heat,  which  varies  from  the  boiling 
point  of  water  downwards  to  ordinary  temperatures.  It  is 
impossihie  to  account  for  this,  otherwise  than  by  supposing 
such  heat  communicated  to  the  water  in  parts  of  the  earth  far 
beneath  the  surface,  and  removed  from  atmospheric  influence. 

The  source  of  the  heat  in  thermal  waters  has  occupied  the  at- 
tention of  Berzelius,  Von  Hofli  Keferstein,  BischofF,  Daubeny, 
and  others.  The  former  remarks  on  those  thermal  springs  which 
are  charged  witli  various  salts  of  soda  and  carbonic  acid,  and 
attrihuies  their  origin  to  the  percolation  of  atmospheric  waters 
to  volcanic  regions,  after  which  they  are  forced  up  to  the  sur- 
face, charged  with  the  substances  with  which  they  have  become 
combined  in  those  situations.  V'on  Hoff  opposes  the  theory 
of  a  mere  volcanic  point  supplying  the  necessary  heat,  and 
considers  it  much  more  probable  that  this  is  due  to  those  pro- 
cesses in  the  interior  of  our  globe  which  produce  volcanos  and 
earthquakes.  Keferstein  considers  that  hot  vapours  and 
springs  are  due  to  volcanic  agency,  which  may  be  very  deeply 
seatetf,  even  below  the  oldest  formations.  Bischofi',  who  de- 
tails these  various  opinionsf,  does  not  appear  to  have  adopted 
any  decided  one  of  his  own  on  the  subject,  but  directs  atten- 
tion to  the  possible  increase  of  temperature  in  the  waters  by 
tlie  internal  heat  of  the  earth  at  gi*eat  depths,  independent  of 

•  Kupffer  (memoir  cited  above). 

t  Uberdie  Vulrhaniaclien  Miiicrnlinullen  Dcutschlaiidutid  FranLrcieha: 
and  Edin.  New  Phil.  Journal,  1  ii30. 
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rolcanic  fires,  and  observes  that  if  the  channels  throi](;h  which 

ie  waters  flow  upwards  become  once  hentccl,   tliuir  walls 

irould  conduct  little  heat  outwards,  for  rocks  are  bnd  conduc- 

>rs  of  heat,  as  is  well  shown  in  the  case  of  lava  streams,  on 

le  outside  of  which  the  hand  may  sometimes  be  placed,  while 

»e  melted  rock  is  still  flowing  inside*. 

In  support  of  the  opinion  that  thermal  waters  may  have 

jir  high  temperature  caused  by  a  general  internal  heat,  and 

>t  by  mere  volcanic  points  on  the  earth's  surface,  it  may  be 

miarked  that  thermal  springs  occur  in  almost  all  situations, 

)rae  of  which  are  far  removed  from  any  volcanic  points  on 

the  surface. 

^_  The  immediate  connexion  of  the  Geysers  and  the  volcanos 
^bf  Iceland  is  so  obvious  that  few  will  be  found  to  doubt  it ;  yet 
^bhen  hot  springs  have  been  found  traversing  cracks  in  strata 
^■lot  volcanic,  theories  have  been  invented  to  explain  their  ori- 
^Kin  by  chemical  combinations  nt  small  depths.  The  salts, 
^Sowever,  usually  held  in  solution  in  these  waters  do  not  afibrd 
support  to  this  view,  and  Berzelius  has  shown  it  to  be  unte' 
aaole  with  respect  to  the  Carlsbad  waters. 
To  show  the  various  rocks  among  which  thermal  springs 
ccur,  we  will  select  a  few  exarapies.  In  ranges  of  mountains 
bey  would  appear  to  be  far  from  uncommon,  a  circumstance 
rhich,  supposing  the  ranges  to  have  been  elevated  bv  a  force 
cting  from  beneath,  lends  additional  probability  to  a  general 
cat  beneath  the  surface.  They  have  been  observed  in  various 
jilBces  in  the  range  of  the  Himalaya.  Captain  Hotlgson  no- 
tices them  in  the  course  of  the  Jumna  river,  so  hot  that  the 
Jid  could  not  be  kept  in  ihem  many  moments,  and  the  lein- 
eruture  was  too  great  in  be  measured  by  the  short  scaled 
k'rmometer  usually  employed  to  ascertain  atmospheric  heat. 
Lgain,  at  Jumnotri,  very  copious  thermal  springs  rise  through 
ivices  in  the  granite.  The  heat  was  estimated  at  nearly  the 
Ktiling  point;  the  finger  could  not  be  kept  in  it  two  seconds. 
Ls  the  height  of  Junn)otri  is  estimated  at  10,'t83  feet  above 
be  sea,  the  water  would  have  the  appearance  of  boiling  at  a 
awcr  temperature  than  in  the  plains  below :  moreover,  the 
s}>rings  seem  to  evolve  gas,  for  they  rise  with  great  ebullition; 
11,  liowever,  the  temperature  of  the  waters  would  appear  to 
very  cot>siderablef. 

lu  the  range  of  the  Alps,  there  are  also  many  thermal 
jrings,  as  has  been  already  remarked  by  liakewell.  The 
lermal  waters  of  Bad-Gastein  in  the  Salzburg  country  are 
?U  known. 


•  MunliccUi  and  Covclli. 

\  Hv<l(,iion,  Asiatic  Hcscarchoi  vol.  xir. :  and  Edia.i'hiLJoiim  voLviii. 

c 
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Tbe  Ibltowinff  are  Alpine  wann  springs  noticed  by  Bake» 
well* :  Naters,  Haul  Vaiais; — temperanire  =  86-  Fahr.  Leak, 
Hant  Vaiais, — twelve  springs ; — temperature  varying  from 
1 1 7°  to  1 26°.  Bagnes,  in  the  ralley  of  the  same  name ; — the 
batba,  village,  and  one  hundred  and  twenty  inhabitants  de- 
stroyed by  the  fall  of  part  of  a  mountain  in  the  year  1545 ; — 
temperature  unknown.  Thermal  springs  in  the  valley  of 
Cbamonix; — temperature  imknown.  St.  Gervais,  near  the 
Moot  Blanc ; — temperature  from  94°  to  98*.  Aix  les  Baines, 
Savoy; — two  springs; — temperature  from  11*2*  to  117*. 
Mootiers,  Savoy; — temp>erature  not  noticed.  Brida,  Savoy  ; — 
teayeratnre  93''  to  97°.  Saute  de  Pucelle,  Savoy  ; — terape- 
nitwe  not  noticed.  Thermal  springs  at  Connayeur  and  St. 
Didter,  on  the  Italian  si<te  of  the  Pennine  Alps  ; — temperature 
94*.  Warm  springs  in  the  Alps  near  Grenoble. 

Many  of  these  thermal  waters  are  of  recent  discovery,  al- 
though those  of  Aix  were  knoH'n  to  tlie  Konians;  tlierefbre 
there  may  be  many  in  other  parts  of  the  Alps  which  remain 
unnoticed. 

There  are  also  warm  springs  in  the  Caucasus,  to  the  N.W. 
of  the  fortress  of  Conslantinohor,  with  a  temperature  of  from 
110''  to  114°  F. ;  and  there  are,  no  doubt,  numerous  other 
ihennal  waters  in  great  mountain  ranges,  with  which  we  are 
as  \ei  unacquainted. 

In  tlie  P^Tenees,  we  have  the  two  celebrated  thermal  waters 
of  Barege  and  Bagneres;  the  former  having  a  temperature  of 
120**,  at  the  hottest  spring,  aiMi  the  latter  of  138°,  also  at  the 
hottest  spring. 

Tiie  tbemud  springs  at  both  these  places  are  numerous. 
At  the  latter  place  there  are  no  less  than  thirty  of  them,  the 
temperature  of  the  least  hot  of  which  is  =  83^"  F. 

There  are  also  thermal  waters  in  the  valley  of  Barege,  at 
St.  Sottveur,  =  98^ " ;  as  also  several  springs  at  Cautieres  not 
br  frx}m  the  latter  place,  of  which  the  temperatures  vary  from 
9fi°  to  131 ".  At  Caberu,  three  leagues  from  Bagneres,  tliere 
is  a  spring  =  80°. 

It  would  be  tedious  to  give  a  long  list  of  thermal  springs ; 
llley  occur  in  all  parts  of  the  world,  as  well  remote  from,  as  in 
the  vicinity  of,  active  volcanos.  A  great  burst  of  hot  springs 
lakes  place  near  the  base  of  the  south-eastern  slope  of  the 
Ozark  mountains.  North  America,  and  about  six  miles  north 
from  the  Washita,  from  which  they  take  their  name.  They 
are  about  seventy  in  number,  and  occur  in  a  ravine  between 
two  slate  hills.  James  states  die  temperature  of  these  waters 
at  160°  Fahr.  Major  Long  gives  that  of  several  of  them,  as 
respectively,  12*2%  104°,  106°,   126°,  94%  92%  128%  132% 

•  On  tbe  ThennmJ  W«tea  of  the  Alps,  Phil.  Mag.  and  Anuals,  1828. 
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il»,  148",  132%  124.%  119%  108%  132%  126%  128%  1S0% 

J6*,  140".     He  also  states  that,  "not  only  confervas  ami 

iher  vegetables  grow  in  and  about  the  hottest  springs,  but 

t  numbers  of  little  insects  are  seen  constantly  sporting 

It  the  bottom  and  sides*." 

Another  example  of  the  existence  of  animals  and  vegetables 

thermal  springs  is  to  be  found  at  Gastein,  where  the   Ulva 

trmalis^  and  a  fresh-water  shell,  the  Limnctis  percger  Drap., 

found  in  waters  at  a  temperature  of  117*"  Fahr. 
A  very  copious  discharge  of  hot  water  takes  place  in  an 
lluvial  plain  in  a  granitic  district  at  Yom-Mack,  about  twenty 
miles  from  Macao,  China.     Three  large  springs  have  respec- 
tively the  temperatures  of  132",  150°,  and  1S6^  Fahr.     That 
with  the  temperature  of  150"  is  described  as  in  a  state  of  active 
ebullition,  about  thirty  ieet  in  diameter,  and  discharging  at 
least  fifteen  gallons  in  a  minutef. 
The  temperature  of  the  waters  of  Carlsbad  is  also  consi- 
rable,  being,  according  to  Berzelius,  165°  Fahr.     Those  of 
-la-Oiapelle  are   =  14-3';    and  at  Borset,  near  Aix-la- 
iai>elle,  there  are  two  springs,  of  which  the  temperatures 
respectively  158"  and   127"  Fahr.     At   Balarue,  depart- 
uf  Herault,  there  is  one  =  128°  Fahr.     The  waters  of 
len   Baden  are  =  153°  F. ;  of  Bude,  near  Chemnitz,  = 
J'  F.;  of  Ems,  Nassau,  =  122*'  F. ;  of  Ofen,  Hungary  (in 
lite),  =  1*7"  F.;  of  Plombieres,  Vosges,  =  140°  F. ;  of 
:heid,  Prussian  Provinces,  =  171°  F.     Numerous  ther- 
-jiail  springs,  varying  from  1  18°  to  122°  F.,  rise  amid  a  calca- 
jreous  tlistrict  near  the  Euphrates,  about  five  wersts  from  Fort 
)iAdine,  in  Armenia.     The  thermal  springs  of  our  own  coun- 
*■)'  are  not  very  remarkable  for  their  elevated  temperature ; 
or  with  the  exception  of  those  of  Bath  J,  which  are  at  11 6° 
Palir.,  the  others  can  only  be  considered  as  tepid,  the  waters 
Buxton  being  at  82%  those  of  the  Hotwells,  Bristol,  at  74% 

those  of  Matlock  eS"^  ^. 

In  the  volcanic  districts  of  Italy,  thermal  springs,  as  might 

be  expected,   are  numerous.     The  waters  of  the  Bagni  di 

%ucca  are  however  sufficiently  removed  from  a  volcano  to  be 

are  noticed :  they  rise  on  the  sides  of  a  hill,  composed  of  n 

"^fnidstone,  the  niacigno  of  the  Italians.     The  district  is  one  of 

sandstone  and  limestone,  and  the  hottest  spring  has  a  tcntpe- 

ireoflsrF. 


•  /antes,  Expedition  to  the  Rocky  Moxinfains. 

\  Livingstone,  Edin.  Phil.  Jourua],  vol.  vi.  • 

JThei*  rise  throuj,'li  lias,  traversing  probably  red  sandstone,  carboniferous 

^  I  il  springs  of  the   Hotwells,   Matlock,   and  Binctnn,  appear 

|«Bwi^  t<-i-ou&  limestone. 

C  2 
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It  may  not  be  altogether  out  of  place  to  notice  the  tliermal 
waters  of  Ratli,  St.  Thomas  in  the  East,  Jamaica,  to  show 
how  widely  distributed  these  heated  springs  are.  They  rise 
at  the  base  of  the  Blue  Mountains,  in  a  valley  com]K)sed  of 
trap,  limestone,  and  slate.  I  observed  their  temperature  to 
be  =  127^  F.* 

The  hot  and  cold  springs  of  La  Trinchera,  three  leagues 
from  Valencia  (America),  may  be  cited  to  show,  how  dif- 
ferently derived  waters  may  be,  which  make  their  appearance 
close  to  each  other.  According  to  Humboldt,  there  are  two 
springs,  only  40  feet  asunder,  the  one  cold,  the  other  hot,  the 
thermal  waters  having  the  great  temperature  of  90"''3  centi- 
grade {19^°'S  Fahr.}.  At  Cannea,  in  Ceylon,  a  thermal 
spring  is  stated  to  exist  which  does  not  preser^'e  a  constant 
temperature,  but  varies  from  38^  to  +1'^  cent.  (100°'4  to 
105^8  P.). 

Hot  springs  are  common  to  tlie  volcanic  districts  of  dif- 
ferent parts  of  the  world,  as  also  amid  extinct  volcanos,  such 
as  those  of  Central  France;  to  enumerate  them  would  be 
useless;  but  those  of  Iceland  are  so  remarkable,  that  u  short 
notice  may  not  be  unacceptable  to  the  reader,  particularly  as 
they  are  the  most  extraordinary  thermal  springs  with  which 
we  are  acquainted. 

Hot  springs  are  numerous  in  Iceland,  but  those  named  the 
Geysers  are  the  most  singular.  They  are  alternately  in  a 
state  of  rest  and  of  violent  activity,  discharging,  at  intervals, 
immense  quantities  of  hot  water  and  steam. 

Sir  G.  Mackenzie  states  that  an  eruption  of  the  Great 
Geyser,  which  he  witnessed,  commenced  with  a  sound  resem> 
bling  the  distant  discharge  of  n  piece  of  ordnance.  "  The 
sound  was  repeated  irregularly  and  rapidly ;  and  I  had  just,** 
observes  this  author,  "given  the  alarm  to  my  companions f, 
who  were  at  a  little  distance,  when  the  water,  after  heaving 
several  times,  suddenly  rose  in  a  large  column,  accompauied 
by  clouds  of  steam,  from  the  middle  of  the  basin,  to  the  height 
often  or  twelve  feet.  The  column  seemed  as  if  it  burst,  and 
sinking  down  it  produced  a  wave,  which  caused  the  water  to 
overflow  the  basin  in  considerable  quantity.  After  the  first 
propulsion,  the  water  was  thrown  up  again  to  the  height  of 
about  fifteen  feet.  There  was  now  a  succession  of  jets  to 
the  number  of  eighteen,  none  of  which  appeared  to  me  to 
exceed  filly  feet  in  height;  they  lasted  about  five  minutes. 
Though  the  wind  blew  strongly,  yet  the  clouds  of  vapour 

*  AJ  though  no  active  volcauos  exist  in  Jamaica,  there  are  the  remaina 
of  a»  eKtinct  one  on  the  nort}i  »ide  of  tlie  inland ;  and  earthquakes  are,  aa     j 
ia  Well  kiHiwn,  lufficieutly  common. 

f  Dr.  Bright  and  Dr.  Holland, 
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so  iJense,  that  after  the  first  two  jets  I  could  only  see 

highest  part  of  the  spray,  ftuc!  some  of  it  that  was  occa- 

>nally  thrown  out  sideways.     After  ilie  last  jet,  which  was 

most  furious,  the  water  suddenly  left  the  basin,  and  sunk 

ito  the  pipe  in  the  centre*."    The  water  sunk  in  the  pipe  to 

Je  depth  of  ten  feet,  but  afterwards  rose  frradually;  when 

ifficiently  high,  its  temperature  was  observed,  and  found 

209°  V, 

A  subsequent  eruption  of  the  same  Geyser  is  thus  described 

by  the  same  author.    After  an  alarm  given  of  its  approaching 

^p^tivity,  "in  an  instant,"  he  says,  "  we  were  within  sight  of 

Hp>e  Geyser;  the  discharges  continuing,  being  more  frequent 

^■hd  louder  than  before,  and  resembling  the  distant  firing  of 

^^rtillery  from  a  ship  at  sea It  raged  furiously, 

and  threw  up  a  succession  of  magnificent  jets,  the  highest  of 
which  was  at  least  ninety  feetf." 
One  of  the  other  fountxiins,  which  was  formerly  an  insig- 
^^ificant  spring,  and  now  known  as  the  New  Geyser,  alter- 
^^ites  in  like  manner.     The  eruption  commences,  as  at  the 
^■Dreat  Geyser,  by  short  jets,  which  increase  in  size.    When  a 
^Ikonsiderable  mass  of  water  is  thrown  out,  the  steam  rushes 
forth  furiously,  accompanied  by  a  loud  thundering  noise,  car- 
drying  the  water,  when   Sir  G.  Mackenzie  observed  it,  to  at 
^■ieftst  seventy  feet.     He  describes  it  as  continuing  in  this  mag- 
^^nificcnt  pipy  for  more  than  half  an  hour.    "  When  stones  are 
dropped  into  this  pipe,  while  the  steam  is  rushing  out,  they 
tre  immediately  thrown  up,  and  are  commonly  broken  into 
fragments,  some  of  which  are  projected  to  an  astonishing 

here  are  other  alternating  hot  springs  in  Iceland,  which 
re,  however,  of  greatly  inferior  magnitude  to  the  Geysers. 
The  springs  of  Reikum,  with  a  temperature  of  212°  Fahr., 
rise  and  fall,  and  dash  up  spray  to  the  height  of  twenty  or 
"">irty  feel.  In  the  valley  of  Reikholt,  there  is  a  singular 
Iternaiion  of  two  boiling  jets,  one  throwing  tlie  water  up 
twelve  feet)  the  other  fivei^. 

Temperature  of  the  Sea  ajid  of  Lakes. 

This  temperature  will  probably  be  in  part  derlvetl  from 
that  of  the  atmosphere,  and  partly  from  the  earth ;  but  water 
being,  under  certain  circumstances,  able  to  communicate  heat 

•  Mackenzie'*  Travels  in  Iceland.  f  Ibid. 

\  Travels  iii  Iceland :  where  views  of  these  fountoinB  in  fuU  operation 
will  be  found. 

i  Wdkters  actunlly  at  the  boiling  point  seem  exceedingly  rare.  The 
d»rtTu»l  walcra  of  Urijino,  in  .Japan,  are  stated  to  havo  a  teuiperaturc  of 
212^  Fuhr.,  but  it  does  not  appear  ninung  what  rocks  they  occur. 
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with  great  rapidity,  the  temperature  will  be  more  speedily 
equalized  in  it,  iJjan  in  the  solid  eartli  beneath.  Water,  more- 
over, at  a  given  temperature  possesses  a  greater  specific  gra- 
vity than  when  that  temperature  is  either  increased  or  dimi- 
nished, and  will  consequently,  at  that  given  temperature,  sink 
to  the  lowest  depths.  Even  if  it  slioutd  be  heated  there,  on 
the  presumption  of  an  internal  heat  in  the  earth,  the  water 
wiU  still  obey  the  same  laws,  live  newly  heated  water  will 
ascend,  and  be  replaced  by  that  which  is  cooler  and  of  greater 
specific  gravity.  Fur,  in  order  that  the  water  should  sink  to 
these  depths  in  the  first  instance,  it  nmst  be  of  such  a  tempe- 
rature, or  specific  gravity,  as  shall  enable  it  to  do  so,  and  any 
change  in  that  temperature,  if  it  be  that  of  the  maximum 
density  of  water,  will  cause  it  to  rise. 

According  to  Dr.  Hope,  the  maximum  density  of  fresh 
water  is  at  a  temperature  between  39|'^  and  40'^  Fahr.*,  and 
this  determination  has  been  confirmed  by  Professor  Moll. 
According  to  the  experiments  ol  Professor  Hallstrbm,  the 
maximum  density  of  water  occurs  at  die  temperature  of 
4.^-108  centigrade  {S9°'39i  Fahr.). 

It  has  been  considered  that  the  temperature  of  the  maximum 
density  of  sea-water  is  not  far  removed  from  that  of  fresh 
water.  On  this  head  we  have  no  very  satisfactory  experi- 
ments, but  it  may  be  supposed  that  the  saline  contents  of  sea- 
water  would  have  considerable  influence  on  its  relative  gra- 
vity at  different  temperatures. 

In  the  years  1819  and  1820  I  made  numerous  experiments, 
with  great  care,  on  the  temperature  of  the  Swiss  Lakes  at 
various  depths,  which  are  often  considerable.  The  results  of 
more  than  one  hundred  observations  on  the  Lake  of  Geneva, 
in  September  and  October  1819,  were,  that  between  the  sur- 
I'ace  and  a  depth  o'^  40  faihums  the  temperature  varied  consi- 
derably. From  67'^  to  64'  Fahr.  was  a  common  heat  from 
one  to  five  fathoms,  and  there  was  a  general  diminution  of 
temperature  downwards  to  the  depth  of  4'0  fathoms,  whateve?' 
the  burface-hcat  might  he;  in  other  words,  there  was  a  gene- 
ral increase  of  specific  i^ravity  tlownwards.  From  40  fathoms 
to  90  fathoms  the  temperature  was  always  44%  with  one  ex- 
ception near  Ouchy,  where  4r»'^  were  observed  at  a  depth  of 
40  fathoms.  From  90  fathoms  to  the  greatest  dejiths,  which 
amounted  to  164  fathoms,  between  Evian  and  Oucliy,  the 
temijerature  was  invariably  =  43''-5  Fahr.  It  will  be  ob- 
served, that  iu  these  expt-riments,  made  witli  a  register  ther- 
mometer constructed  lor  the  purpose,  the  wsiter  arrnngi-d 
itself  according  to  the  temperatures  that  would  be  expected, 


'i'raus.  Hoy.  Soc.  Edinbuigli. 
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le  supposition  of  the  maximum  density  of  water  being 
iween  39"  and  1-0^* 

;r  the  severe  winter  of  1819,  I  made  some  further  ex- 

lents,  and  found  ihat  the  temperature  of  the  lake  slill 
llowed  the  same  law. 

In  May,  18'20,  I  tried  the  temperature  of  the  lakes  of  Thun 
id  Zug,  and  obtained  the  following  resultsf. 


Lake  of  Thun. 

Surface  CO" 

At  15  fatboma  42 

At  30  fiithonis  41-5 

AtlOSfatbomi 415 


Lake  of  Zug. 

Surface    58" 

At  15  fiUhoJUB 42 

At  2i  iVithoms 41 

At  as  fatlioms 41 


I 

^V  In  these  experiments  also,  the  results  are  in  accordance 
^Mrith  the  maxinnim  density  of  water  being  between  39''  anil 
^■0°»  as  was  also  the  case  in  some  which  I  made  in  the  Lake 
^^n  Neufchatel,  during  very  cold  weather,  so  cold  iniieed,  tliat 
^Hlte  water  froze  on  the  oars  of  the  boat,  when  the  temperature 
^^ncreased  towards  thft  supposed  maximum  density  of  water. 
I  We  now  turn  to  the  experiments  that  have  been  made  by 

^BdilTerent  navigators  on  the  tem|ieniture  of  the  sen  at  various 
^Bdepths.  The  following  observationi,  by  Scoresby  show  an  in- 
^Bcrease  of  temperature  firom  the  surface  downwards  in  cold 
"latitudes. 


Deg.  of 

Situatioo.            Dopth.       Temp, 
fiiurface 290 

13  fathoms  ....J  10 

IUj.  79°  1'  N.J  n?  futiioms ....:!;}  s 

|t«ig.  5"4'i:."A  57  fatlioms....3l5 

100  fathoms.. .36-0 

,400  fathoms... 3«0 


Situation. 


Lat.  7f.°  ir> 


Lat.  79"  4'  N 


Dcg.  of 
Depth.       Temp. 

{Surface 288 
.10  fathoms... 3 1-8 
VIZ  fiithoiiiR..33-8 
230  fnlhoms..33-3 

rSiiTface 29 

t  730  fatlioms..37 


Again,  in  lat.  78'  2'  N.  and  long.  0""  10'  W.  the  same  scien- 

flific  navigator  obtained  38"^  at  761  fathoms,  the  surface-water 

[being  32\     In  one  situation,  indeed,  in  lat.  76°  3*'  N.  the 

ime  observer  obtained  a  temperature  of  34°  at  60  fathoms, 

id  S4'"'7  at  100  fathoms,  after  having  had  35'^  at  4-0  fathoms. 

The  experiments  of  Capt.  Ross  are,  indeed,  opposed  to  this 

rtew,  for  thev  give  a  decrease  down  to  25'"'  at  660  fathoms, 

.SO"  at  Too  fathoms,  29"  at  200  fathoms,  and  28°  at  4-OOj 
ithoms ;  in  lat.  60"  4-4'  N.  and  long.  59°  20'  W.     According  ] 
dso  to  Dr.  Marcet,  the  maximum  density  of  sea-water  is  not 
at  40*^  Fnhr.    He  states  that  this  water  increases  in  weight  to 
Uic  freezing  point,  until  actually  congealed.     In  four  experi- 
ments Dr.  Marcet  cooled  sea-water  down  to  between  1 8'^  and 


A  detailed  account  of  these  experiments,  with  a  chart  of  «;oundingR  in 

Jic  lake,   were  iiiHerted  in  the  Bih!iotlit''<iuf  Universclte  for  1819;  from 

ili^oce  it  was  rtipicd,  in  part,  into  tlic  Kilin.  Phil,  Journal,  vol.  u. 

f  Sec  abo  bibliothcqnc  Univirst-llc  for  1820. 
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19°  Fahr,,  and  rntind  that  it  decreased  in  bulk  till  it  reach 
S2^'',  after  which  it  expanded  a  little,  and  continued  to  do  so 
till  the  fluid  was  reduced  to  between  19'^  and  18'^;  when 
suddenly  expanded,  and  became  ice  with  a  temperature  of  28 
According  to  M.  Erman,  salt  water  of  tlie  specific  gravity'  of 
1  '0S7  diminishes  in  bulk  down  to  25'^  F.,  and  docs  not  reach 
its  maximum  density  before  congelation.  It  should  always  be 
recollected  that  a  saturated  solution  of  common  salt  does  not 
become  solid,  or  converted  into  ice  at  a  less  temperature  than 
4°  Falir. ;  and  therefore  if  the  sea  should  be,  as  is  sometimes 
supposetl,  more  saline  at  great  depths^  and  as  it  appears  to 
be  in  die  Mediterranean  from  the  experiments  of  Dr.  Wol- 
laston,  ice  could  not  be  formed  there  at  the  same  temperature 
as  it  could  nearer  the  surface. 

Kotzebue,  in  lat.  36"  9'  N.  and  long.  U8°  9'  W.  found  the 
surface-water  =  71°'9,  the  air  being  7ri" ;  at  25  fathoms  the 
water  was  at  57^'I ;  at  100  fathoms,  52'  8;  and  at  30  fathoms, 
44":  showing  a  decrease  of  teni|)erature  towards  39"  or  40'^ 
In  lat.  23"^  3'  N.  and  181°  56'  W.  Krusenstern  obtained,  at 
the  suiface,  78'';  at  25  fathoms,  75";  at  50  fathoms,  70"^'5 
and  at  125  fathoms,  61 '^'5. 

In  latitudes  south  of  the  tropics,  Kotzebue  observed  a  te 
pftrature  of  49'  '5  at  35  (athoras,  the  surface  being  at  67''>  t 
air  at  68",  in  lat.  30"  39'  S.  The  same  navigator  found  the 
temperature  at  196  fathoms  to  be  =  SS'-S,  in  lat.  14"  17'  S. 
and  long,  57'^  31'  W. ;  the  surface-water  being  54^*9,  and  the 
air  at  57°- 6. 

The  following  are  among  the  temperatures  obtained  by 
Captain  Beechey*  at  various  tJepths  and  situations.  In  lat. 
47°  18'  S.,  and  long.  53"  30'  W.,  the  surface-water  being  at 
49'=-S,  he  found  44  "7  at  270  fathoms,  39''-2  at  G03  fathoms, 
40°'l  at  733  fathoms,  and  S9"'4  at  854  fathoms.  In  laL 
55°  58'  S-,  and  long.  72'  10'  W.,  the  surface-water  being  at 
43''-5,  he  obtained  42"-5  at  1 00  faUioms,  42'''5  at  230  faUioms 
42-5  at  330  fathoms,  and  41-6  at  430  fathoms.  In  the  .South 
Pacific,  he  found  in  lat.  28''  40'  S ,  and  long.  Qe*"  W.,  7r  at 
100  fathoms,  53"  at  200  iathoms,  49'"'  at  300  fathoms,  and  45** 
at  400  fathoms,  the  surface-water  being  at  74°.  Among  ilie 
observations  made  by  the  same  navigator  in  the  Nortli  Pacific 
are  the  following:  in  lat.  61"  10'  N.,  and  long.  183°  28'  W., 
in  July  1827,  at  5  fathoms  4r-5',  at  10  fathoms  38",  at  20 
fathonis  29'^*5,  at  20  iiitlionis  SO^v*),  (this  is  ap}>arently  a  se- 
coml  observation  at  the  snnie  depth),  at  30  fathoms  30-5, 
at  52  fathoms  32'-5,  at  100  fallionis  32'''5,  and  al  200  li  " 
32°*6,  the  surface-water  beinjr  at  iS^S  and  the  air  at  4 


at 
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Observations  have  been  made  at  considerable  depths  in  the  ^ 
opics.     CapL  Sabine  found  in  lat.  20"^  30'  N.>  and  long.  83° 
'  W.,  a  tenif^erature  of  45'  ".5  at  1000  fathoms,  the  surface- 
rater  being  at  B'S'\     Capt.  Wauchope  obtained  in  lat.  10"  N. 
d  long.  25°  W.,  a  temperature  of  5)"^  at  966  fathoms,  the 
rface-water  being  at  80'':  and  the  same  observer  also  found, 
IaU  3-  20^  S.  and  7 '  39'  K,  a  temperature  of  42"  at   1300 
ihums  the  siirface-wnter  being  at  TS''.     M.  Lenz,  in  lat.  21° 
4'  N.,  and  long.  I9fi-  1'  W.,  found  a  temperature  of  61°-4  at 
50  fadioms;  of  S?'-?  at  440  fathoms;  of  37^'2at  709  fathoms; 
»nd  of  36''5  at  976  fathoms;  the  surface-water  being  nt  79  5*. 
Other  observations  within  tlie  tropics,  at  inferior  depths,  show 
the  same  decrease  of  temperature  downwards.     Thus  Kotze- 
hue  in  lat.  9^  21'  N,  obtained  77""  nt  250  liiihoms,  tlie  surface- 
water  being  at  85^  and  the  air  nt  84° ;  and  under  the  e(|uator, 
in  long.  1 77°  5'  W.,  5.'*^  at  u  depth  of  300  fathoms,  the  surface- 
water  l»eing  at  82'-5  and  the  air  at  83°. 

M.  Berard  found,  at  a  depth  of  1200  fathoms,  (without 

Teaching  bottom,)  between  the  Balearic  Isles  and  the  coast  of 

a  temperature  of  53"'-4,   the  surface-water  being  at 

and  the  air  at  75'''2  F.     From  other  observations  in 

the  western  part  of  the  Mediterranean,  at  the  respective  depths 
of  60O  and  750  fathoms,  and  another  not  statcil,  it  was  found 
j  tliat  the  water  was  still  at  55'^'4,  though  the  temperature  of  the 
lurface-water  varietl  materially.  M.  D'Urville  remarks  that 
Uiese  ex}>eriinetus  accord  witli  some  made  by  himself,  also  in 
U»e  western  Mediterranean,  at  300,  200,  250,  600,  and  300 
iitthoms,  when  he  obtained  the  respective  temperatures  of 
S*''5,  54-' 1,  57"-3,  S4''-6,  and  54^-8  F.  He  hence  infers  that 
,  llie  waters  of  the  western  Mediterranean,  beneath  a  <Iepth  of 
[800  fathoms,  rest  at  a  temperature  of  about  55'^  F.f 

It  will  be  observed,  from  what  has  been  stated  above,  that 

lihe  waters  of  lakes  arrange  themselves  according  to  certain 

ltmj?eratures,  which  show  that  experiments  made  in  the  cabi- 

and  which  fix  the  maximum  density  of  liresh  water  at  a 

frature  of  between  39"  and  40^  Fahr.,  are  correct    Witli 

:t  to  lift  waters  of  the  ocean,  sea  water  evidently  arranges 

,  in  the  warmer  climates  of  the  globe,  according  to  its 

ity,  supposing  its  maximum  density  to  be  at  a  temperature 

>achiitg  that  of  its  congelation;   but  in  the  colder  regions 

would  appear  to  be  some  disturbing  forces  in  action, 

"Which  in  many  situations  cause  the  temperature  to  increase 

with  the  depth,  thus  interfering  with  the  densities,  if  it  be  true. 

The  same  obsfrver  obtained,  in  lat.  32"  6'  N.,  mid  in  long.  130"  48'  W., ' 
[•  t«mpenitun?  of  36"  at  96  fathoms;  of  13"-7,  at  228  ;  of  SS"-?,  at  480;  mi* 
[•J  aS"-!'.  al  fi.32  ;  the  surface-water  being  at  7<)"-6  F. 

t  D'UrvilJe,  Bui.  dc  la  boc.  dc  Gi-ograjihic,  I,  xvii.  p.  82. 
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as  it  scetns  to  be,  that  the  maximum  density  of  sea-water  is  as 
above  stated. 

The  probability  of  a  central  heat  would  uppear  to  rest,  first, 
on  the  experiments  made  in  minesi,  which,  notwithstanding' 
their  Uabihty  to  error  from  various  sources,  still  seem  to  show, 
particularly  those  made  in  the  rock  itself,  an  increase  of  tem- 
perature from  the  surface  downwards ;  secondly,  on  thermal 
springs,  which  are  not  only  abundant  ainon^  active  and  ex-> 
tinct  volcanos,  but  also  among  all  varieties  ofrocks,  in  various 
parts  of  the  world  ;  thirttly,  on  the  presence  of  volcanos  them-»j 
selves,  which  are  distributed  over  the  globe,  and  present  such 
a  general  resemblance  to  each  other,  that  they  may  be  con- 
siuered  as  produced  by  a  common  cause,  and  that  cause  pro- 
bably deep-seated;  and  fourthly,  on  the  terrestrial  temperature 
at  comparatively  small  depths,  which  does  not  coincide  with 
the  mean  temperature  of  the  aii'  above  it. 

The  temperature  at  the  bottom  of  seas  and  lakes  is  not  at 
variance  with  this  probability,  as  the  waters  endeavour  to  ar- 
range themselves  according  to  their  greatest  specific  gravity. 
Indeed,  so  far  from  the  temperature  found  at  various  depths 
in  the  ocean  being  at  variance  with  tlie  hypothesis  uf  a  central 
heat,  they  rather  accord  with  it;  more  particularly  when  we 
regard  the  increase  of  temperature  with  the  depth  in  many 
places  in  high  latitudes.  We  might  assume  that  such  increase 
of  temperature,  interfering  with  the  densities,  was  due  to  heat, 
in  the  bottom  beneath ;  which,  though  sufhcient  to  produce  a 
visible  eJlect  upon  waters  so  ckKciy  approaching  their  maxi- 
mum density  as  those  in  high  latitudes,  was  yet  insufficient  to 
be  apparent  beneath  warm  climates,  though  it  would  still  cause 
an  increase  in  the  temperature  of  the  waters  in  low  latitudes. 

Neither  is  the  probability  of  internal  heat  at  variance  with 
the  figure  of  the  earth  or  observed  geological  phenomena. 
The  figure  of  our  planet  being  that  which  a  fluid  body  would 
assume  if  revolving  in  space,  it  is  as  probable  that  this  fluidity 
should  be  igneous  as  acjueous.  Geological  pha^nomeii a  attest 
ihe  eruptions  of  igneous  matter  from  the  interior  at  all  periods ; 
as  also  elevations  of  mountains  and  great  dislocations  of  the 
eartlt's  surface,  caused  by  forces  acting  from  beneath  ;  and, 
finally,  a  great  decrease  of  surface  temperature.  Should  we 
be  iuclineil  to  build  a  theory  on  the  probability  of  a  central 
heat,  we  may  suppose,  as  has  often  been  tlone,  that  our  world 
is  a  mass  of  igneous  matter  in  the  act  of  cooling. 
•  Baron  Fourier  considered  it  as  proved. — from  the  form  of 
our  spheroid,  the  disposition  of  the  internal  strata  (shown  by 
experiments  widi  the  pendulum)  to  increase  in  density  with 
their  depth,  and  from  other  coitsiderulions, — that  a  very  in- 
teuiie  heat  formerly  jMsuutraled  all  |)ur Is  of  our  globe.     lie 
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Doncluded   that   this    temperature   was   dissipated  into    the 

[surrounding    planetary    spaces,    the    temperature   of  which 

[be  considered,  from  the  laws  of  radiant  heat,  to  be  =—50**' 

ceau     (  —  58°  Fahr.).     He  moreover  inferred  that  tJie  earth 

had  nearly  reached  its  limit  of  cooling.     The  original  heat 

I  contained  in  a  spheroidal  mass  equal  in  magnitude  to  our 
globe,  would  diminish  more  rapidly  at  the  surface  than  at 
ffreat  depths,  where  the  elevated  temperature  would  remain 
for  a  great  length  of  time.  He  further  inferretl  from  these 
circumstances,  and  from  the  temperature  of  mines  and  springs, 
that  tljere  is  an  internal  source  of  heat,  raising  the  temperature 
of  the  surface  above  that  which  the  action  of  tlie  sun  could 
alone  give  it*. 

Temperature  of  the  Atmosphere. 

The  gaseous  compound  termed  the  Atmosphere,  which  sur- 
rounds the  earth,  has  been  calculated,  from  its  powers  of  re- 
fraction, to  extend  upwards  about  forty-five  miles.  Dr.  Wol- 
laston  considered,  from  the  laws  of  the  expansions  of  gases, 
that  it  might  reach  to  at  least  forty  miles,  with  its  properties 
uninjured  by  rarefaction.  On  this  head  Dr.  Turner  observes, 
"that  the  tension  or  elasticity  of  gaseous  matter  is  lessened  by 
two  causes,  diminution  of  pressure,  and  reduction  of  tempe- 
rature." And  he  further  remarks,  that  the  former  alone  has 
been  taken  into  account  by  Dr.  WoUaston,  while  it  appears 
lu  him  that  the  extreme  cold  at  great  heights  would  also  be 
suflicient  to  limit  the  extent  of  the  atmosphere +. 

Though  no  part  of  the  solid  earth  is  so  elevatc<I  above  the 
general  surface  as  to  be  exposed  to  a  very  considerable  depres- 
sion of  temperature,  yet  tumierous  mountains  are  of  sufiicient 
l»i-ight  to  be  covered,  at  their  summits,  with  what  has  been 
termed  perpetual  snow,  the  prolific  parent  of  innumerable 
rivers,  without  which  many  regions  would  be  uninhabitable. 


•  M.  Svanljcrg,  caloulntins;  what  might  possibly  lie  the  temperature  of  the 

plaUFtary  spaces,  proceeds  upon  ariulhcr  principle  than  that  of  the  radiation 

oTb^L     He  supposes  that  the  planetorj'  spaces  never  undergo  any  change 

of  temperature,  out  that  the  capacity  for  elevation  of  temperature,  nlwve 

that  which  constantly  reigns  in  tiie  ethereal  regions,  exists  only  within  the 

limitA  of  the  planetary  atmosphere.     He  obtains  for  the  result  of  his  culcu- 

litinns  a  tempenilure  =  —  ¥.)"'Hf>  cent     Observing  this  near  approach 

Urwds  Baron  Fourier's  supposed  tcinneruture,  he  had  the  curiosity  to  cal- 

eidate  the  temperature  according  to  liombert's  statements,  respecting  the 

rition  which  takes  place  in  a  ray  of  light  passing  from  the  zenith  through 

nolc  atmosphere,  and  found  that  he  obtained  —  50°-3S  for  the  result. 

K  cnhous  coincidence  hetween  the  results  of  the  three  modes  of  calculation. 

— Bcnoliui.     Annual  Progress  of  Chemical  and  Pliy&ical  Science.     Iktiu, 

iwm.  of  Science,  vol.  iii.  New  Series. 

\  Turner,  Elements  of  Chemibtry,  p.  221. 
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The  line  of  perpetual  snow  differs  generally  according  lo  the 
latitude,  and  is  liable  to  very  irreat  variations  from  local  causes. 
Some  of  these  variations  will  be  observed  in  the  following 
Table,  by  Huniboldi*,  of  the  snow-liiie  in  certain  mouniaia; 
chains. 


Mountains. 


Latitude.  Hciglit  in 

Dcg.     Dcg.  English  feet 

Cordillera  of  Quito 0  to    IJ  S irj./.'JO 

Cordillera  of  Bolivia Ifi  to  17J  S 17,070 

Cordillera  of  Mexico IQ  lo  w]  N 15,020 

Himalaya: 

Nortlierti  Flank * 30|to<11    N iri,(;20 

SoutJiern  Flank , 12,'170 

Pyrenpe* 42ito43  N 8,!)50 

Caucasus 42itol3  N 10,870 

Alps 451  to  10  N H,7<iO 

Cariwlliians 49   to49lN 8,500 

Altai 49    to5lN 0,400 

Norway : 

Interior fil  to62    N .VIOO 

InUrwr (37  to  07^  N 3,Kno 

Interior 70  to  7o|  N 3,5(K) 

Caail 71to71iN 2,3^0 

Among  other  variations  from  the  theoretical  line  of  perpetual 
'snow  which  have  been  produced  by  a  combination  of  jiliysical 
circumstances,  it  will  be  observed  that  there  is  a  dilTerence  be- 
tween the  northern  and  southern  flanks  of  ilie  Himalaya  of 
more  than  4-000  feel  in  favour  of  the /o/mtv,  by  which  means 
a  large  surface  is  inhabited  which  would  otherwise  be  unfit  to 
support  animal  and  vegetable  life. 

It  has  been  sufjposed  that  the  temperature  of  the  atmosphere 
diminished  etiiially  upwards  in  different  latitudes;  but  the  fol- 
lowing Table,  also  by  Hu^^boldt,  will  show  that  this  is  not 
the  case,  and  that,  on  the  contrary,  the  decrease  is  much  more 
rapid  in  the  temperate  than  in  the  equatorial  zone. 


Height  In 
EnglUhrecL 

Equatorial  toae\ 
froDl0otO]0'>. 

rroni«.'i   to«\ 

Temp. 

DUIbr. 
enc«. 

Temp. 

Dllfcr. 
ctice. 

0   .... 

81-5 

0 

53-G 

0 

3.195   .... 

71-2 

10-3 

4i-0 

12G 

0,.3y2   .... 

(3.5  1 

6-1 

.'{ 1  -fl 

9-4 

f),587   .... 

57-7 

7-4 

23-4 

8-2 

12,792  .... 

4  Iff 

13-1 

IS.OOJ  .... 

347           9-9 

The  curve,  representing  the  line  of  perpetual  snow,  will  not 
•  Fragmens  Auali^uc*,  p.  540. 


equal  in  tlie  northern  and  southern  hemispheres,  as  the, 

liter  is  Ibund  to  be  coltler  than  tlie  former. 
From  the  variable  height  at  which  perpetual  snow  com- 

lences,  it  follows,  all  otlier  circumstances  being  the  same,  that 
the  extent  of  dry  land  capable  of  sustaining  animal  and  vege- 
table life,  will  decrease  from  the  equator  to  the  poles,  and,  con- 
sequentiV)  that  there  is  a  greater  probability  of  an  ubunilance 
of  terrestrial  remains  being  entombed  in  any  deposit  now 
taking  place  in  the  tropics,  than  in  similar  deposits  in  high 
latitudes*. 

,  Valleys, 

A  classification  of  valle3's  cannot  well  be  accompHshcd  with 
out  some  violence,  as  the  various  depressions  of  land,  to  which 
the  term  valley  hjis  been  much  loo  generally  aj>ptitd,  pass 
into  each  other  in  such  a  manner  as  to  jiroducc  compounds  of 
no  easy  arrangement.  No  great  value  is  therefore  attached  to 
the  following  sketch. 

Mountain  Valleys, — These  are  both  longitudinal  and  trans- 
verse; ranging  either  in  the  direction  of  the  mountain  chain^ 
or  across  that  direction.  Their  sides  are  generally  rugged, 
crowned  by  lofty  pinnacles  and  broken  masses,  and  are,  for  the 
most  part,  steep.  Atmospheric  agents,  far  from  producinj'  a 
milder  outline,  generally  add  to  their  broken  appearance.  The 
melting  of  ice  and  snow,  and  the  drain  of  rain-waters  furrow 
their  sides,  bringing  down  detritus  to  the  rivers,  which,  when 
levels  are  favourable,  dt-pusit  it  in  .situations  well  suited  to  ve- 
getation ;  so  that  in  mountain  regions  patches  of  verdure  occur 
amid  the  wildest  scenes,  presenting  a  singular  contrast  to  the 
broken  forms  ot  the  surrounding  heights.  When  levels  are 
unfavourable,  or  the  fallen  blocks  large,  the  masses  accumulate 
in  the  water-courses,  and  produce  innumerable  cascades,  add- 
ing to  the  desolate  character  of  such  regions. 

I^raland  Valleys. — These  differ  IVom  the  preceding  in  their 
rounded  Ibrm,  which  would  render  a  section  of  them  an  un- 
dulating line,  the  undulations  varying  in  the  proximity  of  the 
bigher  parts  and  in  depth,  so  that  the  more  elevated  portions 
may  even  be  many  miles  asunder,  and  the  depth  inconsiderable. 
From  the  comparatively  gentle  slopes  of  these  valleys,  atmo- 
spheric agents,  though  still  able  to  decompose  the  rocks  be- 

*  If  we  consider  tliat  animal  and  vegetable  life  decreases  in  proportion 
Iko  ctnaoophere  becomes  colder  and  less  dense,  and  Utat  mai-ine  life  is  lei 
ibundant  aa  the  pressiu'C  of  the  sea  increasi-s,  and  the  necessary  lif;l)t  dirai 
tiKhes,  we  obtain,  if  I  may  so  cx|)ress  myself,  two  series  of  zones,  one  rising 
ahwrpthe  ocenn-lpvel,  the  other  acscending  beneath  it, — the  terms  of  the  two 
all  other  thing)  remaining  the  sunie,  oHbrding  the  greater  amount  of 
1  and  vegetable  lif«,  as  they  rc&pectireJy  approach  the  oceun-level. 


so 
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neatb,  do  not  transport  tlic  detritus  to  any  considembU 
distance,  except  in  climates  and  situations  where  heavy  tor- 
rents of  rain  descend  on  land  unfavourable  to  vegeUWion  ;  yet, 
even  in  thiscase,  the  general  rounded  outlines  of  the  hdU  are 
not  very  considerably  impaired,  though  deep  furrows  are  made 
in  their  sides. 

Ravines  and  Gorges. — These  are  bounded  by  more  or  less 
perpendicular  walls  of  rock,  and  are  common  botli  among 
mountain  and  lowland  valleys,  but  more  particularly  the 
former.  They  frequently  communicate  between  more  open 
spaces,  and  their  edges  may  often  be  approached  without  any 
suspicion  that  they  exist,  the  country  appearing  as  one  conti- 
nuous slope  or  level. 

Broad  Flut-botlomcd  Valla/s. — Level  plains  of  greater  or 
less  extent,  bounded  by  hills  or  mounlain.s  on  either  side; 
such  as  the  great  valley  of  the  Rhine  below  Uasle,  bounded  on 
one  side  by  the  Swartzwald,  and  on  the  other  by  the  Vosges. 
Such  a  diversity  of  form  would  seem  to  suggest  a  diversity 
of  origin.  The  mountain  valleys  for  the  most  part  resemble 
large  cracks,  produced  when  the  strata  were  suddenly  elevated 
pand  contorted,  while  the  lowland  valleys  appear  as  if  a  large 
boily  of  water  had  passed  over  them,  rounding  the  inequalities, 
asid  acting  on  masses  of  strata  in  proportion  to  their  power  of 
resistance.  The  gorges  or  ravines  would  seem  due  to  the 
cutting  power  of  running  waters,  or  to  rifts  in  the  rocks  pro- 
duced by  violent  convulsions.  The  flat-bottomed  valleys  have 
tlie  character  of  drained  lakes,  or  situations  where  the  rivers 
or  floods,  not  having  any  great  velocity,  deposit  considerable 
quantities  of  sediment  over  a  flat  surface- 
As  we  may  suppose  hill  anil  dale,  mountain  and  valley,  to 
have  existed  from  the  earliest  geological  periods,  and  that 
strata  were  by  no  means  deposited  in  one  even  plane  surface,  we 
have  now  a  very  complicated  system  of  depressions ;  though  as 
a  general  fact  it  may  be  stated,  that  the  superior  stratified  rocks 
have  filled  up  and  covered  over  numerous  inequalities  of  the 
interior  stratified  rocks,  as  is  the  case  in  Normandy,  where  the 
oiilite  group  covers  over  the  uneven  surface  of  slates,  limestones 
and  grauwacke,  the  latter  rocks  here  and  there  protruding 
through  the  stratification  of  the  former,  and  becoming  viflible 
where  rivers  cut  the  superincumbent  beds* 

If  we  can  imagine  a  violent  disruption  of  strata,  contorting 
or  throwing  them  on  their  edges,  large  rents  and  fractures 
would  be  the  natural  consequences,  producing  longitudinal  and 
transverse  fissures ;  but  these  would  merely  gape,  and  their 
origin  would  appear  clear,  if  not  modified  by  some  subsequent 
action.  If  we  suppose,  with  the  advocates  lor  no  greater  ef- 
fects than  we  dailv  witness,  that  mountains  have  been  raised 
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iiia]ly  by  a  multitude  of  earthquakes  acting  always  in  the 
line,  we  shall  have  great  difficulty  in  explaining  the  po- 
sition of  strata  in  high  ranges,  more  particularly  those  (such 
are  by  no  means  uncommon  in  the  calcareous  Alps,)  where 
whole  mountains  are  contorted,  and  even  appear  na  if  thrown 
over,  as  at  the  Righi.  Whereas,  if  we  suppose  that  the  eleva- 
tions liave  been  more  violent,  these  difficulties  would  appear 
lo  vanish,  and  the  upturned,  overthrown,  and  contorted  btrata, 
the  longitudinal  and  transverse  cracks  or  valleys,  would  be 
more  in  harmony  with  each  other. 

If  we  should  suppose  a  violent  disruption  of  strata  to  lake 

place  beneath  the  waters  of  an  ocean,  these  waters  would  be 

greatly  agitated  and  react  upon  tl»e  land,  rushing  into  the 

cracks;  swee})ing  away  pinnacles  ;  driving  blocks  and  loosely 

iggregatcd  strata  before  tliem ;  roundinjj  off  angles;  and  ac- 

nnuiatiug  detritus  at  the  bottom  of  hollows.     iShould  such 

,  sudden  elevation  be  cfl'ected,  partly  in  the  ocean,  and  partly 

mt  of  it,  the  reaction  of  the  sea  wouk!  only  reach  tlie  lower 

irtion  of  the  upraised  strata,  and  these  only  would  present 

>unded  forms.     Should  the  strata  be  elevated  only  in  the 

iiinosphere,  the  modification  of  the  original  cracks  would  be 

rtfected  by  atmospheric  agency  a!one. 

Altliough  lowland  valleys  generally  present  rounded  forms, 

Ithe  strata  composing  such  districts  are  often  far  from  unilis- 

[turbed  ;  on  the  contrary,  they  are  often  upturned,  contorted, 

L«Tid  fractured,  the  lines  of  valleys  being  iVequeutly  the  same 

witli  those  of  the  faults  or  fractures.     Often,  however,  no 

^appearances  of  I'racture  are  visible  in  the  hills,  though  these 

[are  traversed  by  faults  in  various  directions.     Of  this  fact  the 

"neighbourhood  of  Weymouth,  in  our  own  country,  may  be 

cited  as  affording  good  examples. 

Valleys  of  Elevation  are  those  which  seem  to  have  originated 
in  a  fracture  of  the  strata,  and  a  movement  of  the  fractured 
part  upwards,  so  that  the  strata  dip  from  the  valley  on  either' 
Mile.  Probably  a  very  large  proportion  of  mountain  valleys 
might  be  arranged  under  this  head  ;  but  at  present  geologists 
beetn  to  have  confined  the  application  of  the  term  to  those 
which  are  bounded  by  hilts  of  moderate  height. 

Prof.  Buckland  (in   1825)  notice<l  valleys  of  this  kind  at , 
New  King^iclere,  Bower  Chalk,  near   Shaftesbury,  and  Pox- 
well  near  Weymouth.     The  annexed  diagram  is  a  section  of 
that  of  Kinjisrclere. 


St  Valicyi 

V.  Valley  of  Kingsclere :  a  a,  chalk  with  AiDts :  b  b^  chalk 
without  flints:  c  c,  green  suiitl. 

It  will  at  once  be  observed,  that  the  strata  on  cither  side 
were  once  continuous,  and  lltat  they  have  been  upheaved, 
producing  a  fracture,  which,  by  subsequent  denudatioD,  has 
been  formed  into  the  valJey  we  now  see. 

Subsequently  to  ihe  observations  of  Prof.  Buckland,  similar 
valleys  in  Germany  have  occupied  the  attenlion  of  M.  Hofinian, 
who  endeavours  also  to  show  that  they  are  connectetl  with 
springs  impregnated  with  carbonic  acid  gas.  In  support  of 
tliis  opinion  he  cites  tlie  valley  of  Pyrmont,  of  which  he  gives 
the  tbl lowing  section,  which  will  be  seen  closely  to  correspond, 
ill  its  general  characters,  with  that  of  Kingsclere. 

Fig-  2- 
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M,  the  Muhlberg,  1107  feet:  B,  the  Romberg  1136  feet: 
P,  Pynuont,  the  bottom  of  the  valley  being  250  feet:  a  a, 
keuper  (red  or  variegated  marl) :  b  Z*,  musclielkalk:  c  f,  gres 
bigarrc,  broken  into  fragments  at  d,  tlirough  which  the  acidu- 
lous waters  are  forced  out. 

As  tti  Kingsclere,  the  strata  have  not  been  forced  up  to 
equal  heighiii  on  either  side.  The  grcs  bigarrc  rises  to  850 
feet  on  the  Bomberg  or  nortli  side ;  while  on  the  Muhlberg 
or  south  side  it  only  reaches  5*0  feet,  witli  au  inferior  dip. 
The  theoretical  opinions  connected  with  these  appearances 
will  be  noticed  in  the  sequel ;  at  present  it  is  only  necessary 
to  point  out  the  existence  of  such  valleys. 

M.  IJofihuui  also  notices  similar  a})pearances,  with  acidu- 
lous springs,  in  the  viUley  of  Dribourg,  on  the  left  bank  of  ihe 
Weser,  and  several  other  combinations  of  the  like  kind*. 

Fallals  of  DeniuUilion, — Although  the  valleys  of  elevation 
above  noticed,  may  also  be  termed  valleys  of  denudation,  this 
name  seems  given,  in  |>reference,  to  tliose  valleys  where  the 
strata  are  not  far  removed  from  an  horizontal  position  on 
either  side,  and  of  which  also  the  former  continuity  cannot  be 
tloubied.  Of  these,  the  following  seclioni  of  tlie  valley  of 
Char  mouth  will  aiford  an  example. 


Juunial  de  Geologic,  torn.  i. 


a  Oy  sammits  of  the  liiils  composed  of  angular  flint  and  chert 
^jgravel,  tiie  remains  of  former  superincumbent  chalk  and  green 
sand  which  have  been  partially  dissolved  in  place  :    b  b,  green 
sand,  with  an  uneven  upper  surface  resulting  from  tlie  causes 
that  have  producetl  the  gravel :  c  c,  lias,  in  which  tlie  lower 
part  of  the  valley  has  been  excavated :  rf,  small  river  Char 
flowing  at  the  bottom.     If  proportions  had  been  strictly  at- 
tended to,  the  stream  would  have  been  invisible.      On  the 
."iides  of  the  hills,  from  a  lo  t/,  much  chert  and  flint  gravel  is 
distributed  over  the  rocks  b  and  CjUnd  it  may  be  questionable 
how  much  of  it  has,  during  a  great  lapse  of  time,  descended 
fix)m  the  heights,  as  has  occurred  on  llie  slopes  of  similarly 
rounded  hills,  in  the  ISouth  Hams  in  Devon,  and  how  much 
may  have  been  left  at  the  original  formation  of  the  valley. 
The  advociites,   indeed,   of  such  excavations  by  no  greater 
powers  than  those  we  daily  witness,  would  consider  this  valley 
forme<l  by  the  insignificant  streamlet  which  now  flows  through 
it,  aided  by  the  rain-waters.     This  valley  is,  however,  the 
sole  channel  of  drainage  for  a  district  many  miles  in  extent, 
in  which  the  actual  river,  with  every  assistance  from  floods, 
has  only  efTected  a  cut,  varying  from  four  to  fifteen  feet  deep, 
bound^  by  perpendicular  walls;  these  walls  not  composed, 
for  the  most  part,  of  lias,  but  of  gravel  and  drifted  materials, 
such  as  are  strewed  over  the  valley  of  all  heights,  fi'om  the 

»bc(l  of  the  river  to  the  tops  of  the  hills.  Such  valleys  are 
Common  in  various  j)arts  of  the  world,  and  not  unfrequently 
ire  without  running  waters  in  them,  so  that  lliese  could  not 
We  caused  them.  Even  in  Jamaica,  where  heavy  tropical 
tins  are  sufficiently  common,  there  are  valleys,  in  which  the 
waters  are  swallowed  up  by  subterraneous  cavities,  or  sink- 
holes, and  no  continuous  streams  are  formed.  In  England 
wehave  examples  of  dry  valleys,  in  our  chalk  districts,  in  the 
uolite  of  Yorkshire,  and  among  the  slates  of  the  South  Hams, 
Devon*;  a  covering  of  vegetation  or  turf  most  commonly 
protecting  the  surface  from  removal,  even  during  heavy  rains. 
On  the  west  coast  of  Peru,  where  rain  never  falls,  there  are 
»lio  some  remarkable  examples  of  tlry  valleys,  which,  judging 
from  sketches,  resemble  many  a  lowland  valley  with  rouniied 

W*des  in  Europe.     The  form  of  these  valleys  is  also  opj)o.sed 

Hp  their  production  by  running  waters,  for  they  are  rounded 

Wind  not  bounded  by  perpendicular  walls. 

V  Sometimes  the  upper  part  of  a  hill  being  composed  of  harder 
"^•^rinls  than  the  lower  portion,  it  advances  with  a  somewhat 
bold  t*<:arpment. 

•These  Uucr  nT«  due  to  the  highly  inclined  position  of  the  strata,  between 
"•twuret  of  which  the  r«n-vrater,  after  having  beeti  received  in  a  porous 
■l<i4citl  gravel,  percolates. 

O 
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Changes  on  the  Surface  of  the  Globe. 


The  general  form  of  these  valleys  would  seem  lo  suggest  a 
mode  ot  formation  somewhat  different  from  that  of  the  moun- 
tain valleys ;  one  which  has  permitted  a  very  general  removal 
of  bold  projecting  points.  There  is  scarcely  a  district  of  any 
considerable  extent,  composed  of  these  valleys,  which  does 
not  contain  fissures,  or  faults,  even  when  the  strata  are,  as  a 
mass,  not  far  removed  from  an  horizontal  position.  In  other 
situations  the  strata  are  upheaved,  contorted,  and  intruded  by 
trap  rocks,  yet  the  general  forms  of  the  valleys  are  not  consi- 
derably altered  ;  the  same  rounded  forms  still  prevail.  From 
this  general  prevalence  of  the  same  character,  it  may  not  be 
unreasonable  to  conclude  that  some  similar  cause  has  produced 
them.  They  appear  as  if  scoopcti  out  by  larfje  moving  masses 
of  waters ;  the  least  resisting  parts  first  giving  wav^  We 
might  imagine  this  to  have  been  effected  by  great  disturbances 
beneath  an  ocean  ;  such  as  would  be  caused  by  the  elevation 
of  long  ranges  of  mountains  near  them,  or  a  disruption  of  the 
strata  of  which  they  were  actually  composed ; — in  fact,  by 
submarine  earthquakes  of  much  greater  force  than  those  which 
we  now  witness.  Earthquakes  of  the  present  day  frequendy 
produce  violent  waves,  which  discharged  on  a  coast  ravage  all 
within  their  reach.  The  sudden  elevation  of  mountains  to 
the  height  of  several  thousand  feet  would  be  accompanied  by 
violent  disturbance  of  the  land,  causing  the  waters  of  neigh- 
bouring seas  to  rise  considerably,  and  overwhelm  land  within 
their  reach ;  and  these  discharges  of  masses  of  water  would 
have  great  scooping  powers,  more  particularly  if  they  actetl 
on  fractured  strata,  or  small  previously  existing  depressions. 
These  valleys  may  also  have  been  formed  beneath  agitated 
waters,  in  which  currents  moving  with  great  velocity  were 
produced;  the  land  having  been  afterwards  protruded  above 
the  level  of  the  sea.  These  observations  on  trie  origin  of  low- 
land valleys  should  be  considered  as  mere  speculations,  which 
future  investigations  may  show  to  be  eitlier  probable  or  im- 
probable. One  argument  in  their  favour,  in  preference  to  the 
supposition  that  they  have  been  scooped  out  by  rivers,  is,  that 
in  many  instances  the  rivers  quit  the  valleys,  which  would 
appear  continuations  of  their  natural  channels,  and  pass 
through  gorges  or  ravines  cut  in  lands  of  considerable  eleva- 
tion on  one  side ;  the  barrier  to  their  natural  passage  onwards 
being  merely  a  gentle  rise  of  a  tew  feet  at  the  bottom  of  the 
valley,  not  easily  observed. 

Changes  on  the  Surface  of  the  Globe. 

The  present  condition  of  our  planet' -^  aui  Jiice  is  far  from 
stable;  on  the  contrary,  if  time  enough  could  be  allowed,  a 


lassifieittion  of  Rocks. 

chanfje  in  the  relations  of  land  mid  water  would  be 

This  process  is  undoublctlly  slow,  but  it  is  iiever- 

letesM  certain,  and  so  apparent,  that  many  persons  have  been 

iclined  to  refer  all  geological  phfeivonieim  to  a  continuance 

"tho»ie  effects  of  existing  causes  which  we  daily  witness.     As 

ir  as  we  can  judge  from  known  facts,  this  opinion  seems  to 

ive  been  somewhat  hastily  adoplctl,  and  not  altogether  in 

rcortlance  with  all  those  geological  ptiii'nomenn  with  which 

I  are  at  present  acquainted.     As  the  student  may,  however, 

supposed  not  to  i)ossess  a  knowledge  of  tliese  phicnoniena, 

le  consideration  of  their  relative  value  must  be  waived  until 

le  becomes  more  familiar  with  the  subject. 

After  geologists  had  ceased  to  amuse  themselves  by  fabri- 

iling  tiieorius,  without  being  at  the  trouble  of  examining  the 

irfiice  structure  of  that  worhl  which  they  made,   modified, 

and  broke  to  pieces  at  their  own  good-will  and  pleasure,  and 

when  it  was  tliought  that  a  knowledge  of  facts  was  somewhat 

necessary  to  a  knowledge  of  the  subject,  it  was  soon  observed 

that  considerable  changes  had  taken  place  on  the  world's 

iurlace.     Facts  being  still  few,  hypotheses  were  easily  formed, 

ami  were  more  or  less  plausible  according  to  the  knowledge 

of  the  doy«     These  will  be  found  in  the  various  works  which 

treat  of  the  history  of  geology,  and  therefore  need  not  be 

produced  here ;  it  will  be  sutlicient  to  observe  that  the  two 

prevailing  theories  of  the  present  time  are,   1st,  That  which 

ijtoibutes  nil  geological  phamomena  to  such  effects  of  existing 

as  we  now  witness;  and,  Sndlvi  That  which  considers 

referable  to  series  of  catastrophes  or  sutlden  revolutions. 

The  difference  in  the  two  theories  is  in  reality  not  very  great ; 

llie  qtiestion  being  merely  one  of  intensity  of  forces,  so  that, 

probably,  by  uniting  the  two,  we  should  approximate  nearer 

to  the  truth. 

Classi/tcation  of  Rocks. 

The  term  Rock  is  applied  by  geoilogists,  not  only  to  the 
liard  substances  to  which  this  name  is  commonly  given,  but 
tUo  to  those  various  sands,  gravels,  shales,  maris,  or  clays, 
which  form  beds,  strata,  or  masses*. 

Rocks  were  first  divided  into  two  classes.  Primitive  and 
Secondary,  it  being  considered  that  they  originated  under 
diflercnt  circumstances ;  tlie  latter  only  containing  orminic 
fwiains.  To  this  Werner  added  a  third  class,  whicTi  he 
nutopd  Transition,  considering  that  it  exhibited  a  passage  from 
™e  pntnnry  into  the  secondary.     Subsequently,  from  obser- 

•  For  Uie  terms  luod  in  geology,  see  Appendix  A. 
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vations  made  by  MM.  Cuvier  and  Brongniarton  tlie  country 
round  Paris,  a  fourth  class  was  instituted,  and  called  Tertiary, 
because  the  strata  composing  it  occurred  above  the  chalk,  a 
rock  considered  as  tlie  highestof  the  secondary  class.  These 
divisions  or  classes  are  more  or  less  in  use  at  the  present  time, 
though  it  seems  somewhat  generally  admitted  that  they  are 
insufficient,  and  not  in  accordance  \vith  the  present  state  of 
science.  Numerous  modifications  and  divisions  liave  b€€>n 
proposed,  which,  though  preferable  to  the  preceding,  have  not 
been  adopted,  the  force  of  habit,  possibly,  having  prevailed. 

To  propose  in  the  present  state  of  geological  science  any 
classification  of  rocks  which  should  pretenJ  to  more  than 
temporary  utility,  would  be  to  assume  a  more  intimate  ac- 
([uaintance  with  the  earth's  crust  than  we  possess.  Our  know- 
ledge of  this  structure  is  far  fi"om  extensive,  and  principally 
confined  to  certain  portions,  of  Europe.  Still,  however,  a 
mass  of  information  has  grachmlly  been  collected,  particularly 
as  respects  this  f|iiai'ter  of  the  world,  tending  to  certain  ge- 
neral and  important  conclusions;  among  which  tlie  principal 
are, — that  rocks  may  be  divided  into  two  great  classes,  the 
iitratified  and  the  unstratified; — that  of  the  former  some  con- 
tain organic  remains,  and  others  do  not;,  and  that  the  non- 
fossiliferous  stratified  rocks,  as  a  mass,  occupy  an  inferior 
place  to  the  fossiliferous*  strata  also  taken  as  a  mass.  The 
next  importmU  conclusion  is,  that  among  the  stratified  fossili- 
ferous rucks  there  is  a  certain  order  of  superposition,  apparently 
marked  by  peculiar  general  accumulations  of  organic  remains, 
though  the  mineralogical  character  varies  materially.  It  has 
even  oeen  supposed  that  in  the  divisions  termed  formatiou», 
there  arc  found  certain  species  of  shells,  &c.  characteristic  of 
each.  Of  this  supposition,  extended  observation  can  alone 
prove  the  truth ;  but  it  must  not  fte  supposed,  as  some  now  do, 
that  in  any  accumulation  of  len  or  twenty  beds,  characterized 
by  tlie  presence  of  distinct  fossils  in  a  given  district,  the  or- 
ganic remains  will  be  found  equally  characteristic  of  the  same 
part  of  the  series  at  remote  distances. 

To  suppose  that  all  the  formations,  into  which  it  has  been 
thought  advisable  to  divide  European  rocks,  can  be  detected 
by  the  same  organic  remains  in  various  distant  points  of  the 
globe,  is  to  assume  that  the  vegetables  and  animals  distributed 
over  the  surface  of  the  world  were  always  the  same  at  the 
same  time,  and  that  they  were  all  destroyed  at  the  same 
moment,  to  be  replaced  by  a  new  creation,  differing  speciri- 
cally,  il"  not  generically,  from  that  which  immediately  preceded 


♦  The  term  fottiliftrou*  is  here  confined  to  o"T6«»nic  remaiin. 


•rom  this  iheorj*  it  would  also  !)e  inferred  lliat  the  whole 
"face  of  the  world  possessed  an  uniform  temperature  at  the 
same  given  ejxjch. 

Ii  has  been  considered,  but  has  not  yet  been  sufficiently 
roved,  tliat  the  lowest  rocks  in  which  organic  remains  are 
►und  entombed,  show  a  general  uniformity  in  their  organic 
>ntents  at  points  on  the  surface  cotibiderubly  distant  from 
icJi  other,  and  that  this  generel  uniformity  gradually  disap- 
jaretl,  until  animal  and  vegetable  life  became  as  diflerent  in 
ifFerent  latitudes,  and  even  under  various  meridians,  as  it 
)w  is.  How  far  this  opinion  may,  or  may  not,  be  correct, 
m  only  be  seen  when  geological  facts  shall  have  been  suffi- 
ciently multiplied;  but  it  is  one  which  demands  considerable 
ttention,  as  the  classification  of  fossiliferous  rocks  greatly 
dcpendi  upon  it.  Should  it  eventually  be  found  to  a  certain 
^—degree  correct,  it  would  not  be  at  variance  with  the  theory  of 
^b  central  heat,  which  having  diminished,  permitted  sokr  heat 
^■gradually  to  acquire  an  influence  on  the  earth's  surface. 
^^  Classifications  of  rocks  should  be  convenient,  suited  to  the 
^^  Mnte  of  science,  and  as  free  as  possible  from  a  leading  theory. 
The  usual  divisions  of  Primitive,  Transition,  Secondary,  and 
Tertiary,  may  perhaps  be  convenient,  but  tliey  certainly  can- 
not lay  claim  to  either  equalitjf  with  the  state  of  science,  or 
freedom  from  theory. 

In  the  accompanying  Table,  (pp.  38,  39,)  rocks  are  first 

divided  into  Stratified  and  Unstratified,  a  natural  division,  or 

Mali  events  one  convenient  for  practical  purposes,  independent 

uf  the  theoretical  opinions  that  may  be  connected  witli  either  of 

these  two  great  classes  of  rocks.     The  same  may,  perhaps, 

■1»  be  said  of  the  next  great  division ;  namely,  ilint  of  the 

wratified  rocks  into  Superior  or  Fossiliferous,  and  Iiderior 

or  Non-fossiliferous.     The  superior  stratified  or  fossilifei'ous 

rocks  are  divided  into  groups.     We  are  yet  well  acquaintcil 

k'Vith  so  small  a  portion  of  ihe  real  structure  of  the  earth's 

icposed  surface,  that  all  general  classifications  seem  prema- 

iire;  and  it  appears  useless  to  attempt  others  than  those 

^%hich  are  calculated  for  temporary  purposes,  and  of  such  a 

nature  as  not  to  impede,  by  an  assumption  of  more  knowledge 

^tban  we  possess,  the  general  advancement  of  geology. 

Stiaiififd  Rocks.     Group  1.  [Motlcrn]  seems  at  first  sight 

natural  and  easily  determined ;  but  in  practice  it  is  often  very 

difficult  to  say  where  it  commences.  When  we  take  into  con- 

l»i(ltralion  the  great  depth  of  many  ravines  and  gorges,  which 

*piHar  to  originate  in  the  cutting  power  of  existing  rivers,  the 

clifls  even  of  the  hardest  rocks  which  more  or  less  bounil  any 

[extent  of  coast,  and  the  immense  nccumulatioiis  of  cotujiaru- 

jliMily  modem  land,  such  us  those  which  cotiititute  the  deltas 
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of  great  rivers,  and  the  great  flats,  such  as  those  on  ibe 
eastern  side  ol' South  America, — tlicre  is  a  difficulty  in  referring 
these  phsenomena  to  the  duration  of  a  comparatively  short 
period  of  time.  Geologically  speaking,  the  epoch  is  recent ; 
but  according  to  our  ideas  of  time,  it  appears  to  reach  back 
Jar  beyond  the  dates  commonly  assigned  to  the  present  order 
of  things. 

Group  2.  (Erratic  Block)  Is  exceedingly  difficult  to  cha- 
racterize, and  sliould  only  be  regarded  as  provisional.  It  may 
be  considered,  merely  for  convenience,  as  comprising  various 
superficial  gravels,  brercias,  and  transported  materials.  The 
most  extraordinary  feature  of  this  group  ts  ttie  distribution  of 
those  enormous  blocks  or  boulders  found  so  singularly 
perched  on  mountains,  or  scattered  over  plains,  far  distant 
from  the  rocks  from  whence  they  appear  to  have  been 
broken. 

Group  3.  {Supracretaceons)  comprises  the  rocks  usually 
termed  tertiary  :  they  are  exceedingly  various,  and  contain  an 
immense  accumulation  of  organic  remains,  terrestrial,  fresh- 
water, and  marine.  This  group  has  lately  been  shown  to 
approach,  more  closely  lliati  was  supposed,  to  the  existing 
order  of  things  on  the  one  side,  and  to  the  following  group 
on  the  other. 

Group  *.  {Cretaceous)  contains  the  rocks  which  in  England 
and  the  North  of  France  are  characterizeil  by  chalk  in  the 
upper  part,  and  sands  and  sandstones  in  the  lower.  The  term 

*  cretaceous'  is  perhaps  an  indifferent  one;  for  probably,  the 
mineralogical  character  of  the  upper  portion,  whence  the 
name  is  derived,  is  local,  that  is,  confined  to  particular  por- 
tions of  Euro|>e,  and  may  be  represented  elsewhere  by  dark 
compact  limestones  and  even  sandstones.  As,  however,  geo- 
logists are  perfectly  agieed  as  to  what  rock  is  meant  when  we 
speak  of  the  *  chalk,'  there  seems  no  objection  to  retain  it  for 
tlie  present.  The  VVealdcn  rocks  have  been  arranged,  for 
the  present,  in  this  group,  though  their  organic  remains  show 
a  different  origin,  because  they  may  be  conveniently  studied 
in  connexion  with  it. 

Group  5.  (Oolitic)  comprises  the  various  members  of  the 
oolite  or  .lura  limestone  formation,  including  lias.     The  terra 

*  oolitic'  has  been  retained  upon  the  same  principle  as  that  of 
'cretaceous.'  In  point  of  fact,  this  mineralogical  character  is 
found  only  in  an  insignificant  part  of  the  rocks  known  as  the 

f  formation  in  Lngland  and  France;  and  moreover  it  is 
to  the  rocks  in  question,  but  is  common  to  many 
Alps  and  in  Italy  the  oolite  ibrmation  seems 
and  compucl  marble  limestones,  so  that  its 
iracter  is  of  lilde  value. 
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Group  6.    {Rfd  Samlslone)  contains  llie  red  or  variegated 

iiiarlii  (iiuiriics  iris^-es,  keuper),  the  miisclielkalk,  the  new  red 

)r  variegated  sandstone  fgrcs  bigarrc,  hunter  sandstein),  the 

cechsteiri  or  niagnesian  Hmestoiie,  and  the  red  conglomerate 

(rothe  todte  liegeude,  gres  rouge).     The  whole  is  considered 

a  mass  of  conglomerates,  sandstones,  and  roarls,  generally 

)f  n  red  colour,  but  most  frequently  variegated  on  the  upper 

'  *  parts.    The  limestones  may  be  considered  subordinate;  sonie- 

I times  oidy  one  occurs,  sometimes  the  other,  and  sometimes 
both  are  wanting.  There  seems  no  good  reason  for  supposing  I 
that  other  limestones  may  not  be  developed  in  this  grouji  ia 
other  parts  of  the  world- 
Group  7.  {Carboniferous,)  Coal-measures,  carboniferous 
limestone,  and  old  red  sandstone  of  the  English.  The  former 
would  appear  in  the  greater  number  of  instances  to  be  nntu- 

» rally  divided  from  the  group  (6)  above  it;  but  the  latter, 
I  though  disconnected  from  the  group  (8)  beneath  in  the  North 
of  England,  is  apparently  so  united  with  it  in  many  other  | 
i situations,  that  the  old  red  sandstone  may  be  considered  as 
little  else  than  the  upper  part  of  the  grauwacke  series  in  those 
places. 
Group  8.  [Grnicwaclc)  This  may  be  consi<lered  ns  a  mass^ 
of  sandstones,  slates,  and  conglomerates^  in  which  limestones 
»re  occasionally  developed.  Sandstones  which  mineralogically 
>  resenible  the  old  red  sandstone  of  the  English,  not  only  oc- 
cupy the  upper  part,  but  frequently  also  other  situations  in 
the  series.  In  the  lower  portion  of  this  group  stratified  com- 
pounds, resembling  some  of  the  unstratifted  rocks,  are  by  no 
beans  unfrequent. 

Inferior  or  Non-Fossiliferotts  Stratified  Rocksj — comprising 
slater  of  different  kinds,  such  as  mica  stale,  chlorite  slate,  tal- 
icose  slate,  hornblende  slate,  &c,  and  various  crystalline  com-, 
pounds  arranged  in  strata,  such  as  saccharine  marble,  in  which 
otlier  minerals  may  or  may  not  be  imbeddeil,  gneiss,  prologine, 
L&c.  From  various  circumstances,  many  rocks  in  the  previous 
[division  so  assume  the  mineralogical  characters  of  those  in 
Ithis,  as  to  be  undistinguiB^ble  from  them,  except  by  geological 
[tituatjon :  but  it  may  be  assumed,  that,  as  a  mas»,  the  strata 
Itn  this  division  are  far  more  crystalline  than  in  those  of  the 
Isuperior  stratified  rocks,  the  origin  of  which  seems  chiefly 
I  mechanical. 

Vnslrati/ied  Rocks. — This  great  natural  division  is  one  of 

Iconsiderable  importance  in  the  history  of  our  globe,  as  the 

I'sing  it  seem  to  have  caused,  jointly  with  the  forces 

1  them,  very  considerable  changes  on  the  earth's 

pwrfikCf.      They  are  very  generally  admitted  to  be  of  igneous 

origin ;  iioine  of  them  indeed,  those  produced  by  active  vol- 
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canoes,  never  could  liave  been  doubted.  Their  great  charac- 
teristic is  a  tendency  to  a  crystalline  structure,  though,  in 
many,  this  cannot  be  traced.  Every  gradation  from  the  cry- 
stalline to  the  non-crystalline  structure  can  frequently  be  ob- 
served in  the  same  mass.  The  minerals,  felspar,  quartz,  horn- 
blende, mica,  augite,  diallage,  and  serpentine,  enter  largely 
into  the  composition  of  tliese  rocks,  more  particularly  the 
former. 

In  proposing  this  classification,  I  am  fully  aware  that  many 
objections  may  be  made  to  it;  but  it  pretends  to  little  beyond 
convenience:  and  if  geologists  coultl  be  induced  to  use  some- 
thing of  this  kind,  or  any  other  that  wuuld  better  answer  the 
purpose  of  relieving  us  from  the  old  theoretical  terms,  I  can- 
not but  imagine  that  the  science  would  derive  benefit  from 
the  change. 

In  the  following  part  of  this  volume,  geological  pheeno* 
mena  will  be  noticed  in  accordance  with  this  classification. 
But  to  enable  those  who  prefer  other  arrangements  to  avail 
themselves  of  any  facts  that  may  be  brought  forward,  the 
equivalents  of  the  divisions  or  groups  above  noticed  are  given 
in  the  Table  (pages  38,  39),  where  the  classifications  of  Cony- 
beare,  Brongniart,  and  Omalius  D'Halloy,  as  also  the  im- 
proved Wernerian,  are  placed  in  parallel  columns  with  it. 
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Section  II. 

MODERN  GROUP. 

Degradadon  of  Land. 

There  is  a  conslant  tendency  in  all  decumposeJ  or  disiiite-^ 
grated  substances  to  be  removed,  by  the  agency  of  rains  and 
superficial  waters,  to  a  lower  level  than  lliey  previously  occu- 
pied, and  finally  to  be  transfxirted  into  the  sea.  There  is  no 
rock,  even  the  hardesty  that  does  not  bear  some  marks  of  what 
has  been  termed  weathering,  or  of  the  action  of  the  atmosphere 
upon  it.  The  amount  of  burface-changc,  so  produced,  is  ex- 
ceedingly variable,  depentliiig  much  on  local  causes.  Thus, 
a  rock  may  undergo  complete  disintegration  in  one  situation, 
tliougli  composed  of  nearly  the  same  materials  as  that  in 
another,  of  which  the  change  has  been  comparative!}'  trifling. 
When  we  contemplate  the  present  surface  of  our  continents 
and  islands,  we  cannot  but  be  struck  with  the  great  effects 
that  have  been  produced  upon  them  by  the  agents  commonly 
known  as  existing  causes;  and  among  these,  the  weathering 
and  degradation  of  land  are  very  remarkable,  attesting  n  lapse 
of  time  far  beyond  the  usual  calculations.  The  tors  of  Dart- 
moor, Devon,  may  be  referred  to  as  excellent  examples  of  the 
weathering  of  a  hard  rock.  These  are  composed  of  granite, 
which,  as  Dr.  MacCulloch  has  observed,  are  divided  into 
masses  of  a  cubical  or  prismatic  shape.  "By  degrees,  sur- 
faces which  were  in  contact  become  separated  to  a  certain  di- 
stance, which  gof-s  on  to  augment  indefinitely.  As  the  wear- 
ing continues  to  proceed  more  rapidly  near  tlie  jiarLs  which 
are  most  external,  and  therefore  most  exposed,  the  masses 
which  were  originally  prismatic  acquire  an  irregular  curvili- 
near boundary,  and  tlie  stone  assumes  an  appearance  resem- 
bling the  Cheese-wring  (Cornwall).  If  the  centre  of  gravity 
of  the  mass  chances  to  be  high  and  far  removed  from  the  per- 
pendicular of  its  fulcrum,  the  stone  falls  from  its  elevation, 
and  becomes  constantly  rounder  by  the  continuance  of  decom- 
position, till  it  assumes  one  of  the  spheroidal  figures  which 
the  granite  boulders  so  oflcn  exhibit  A  different  disposition 
of  that  centre  will  cause  it  to  preserve  its  position  for  a  greater 
length  of  time,  or,  in  favourable  circumstances,  may  produce 
a  logging  stone  •."     The  weathering  of  these  tors  is  so  ex- 

*  MacCulloch.  GeoL  TraDs.  Ist  sericw,  vol.  ii. ;  where  there  are  views  of 
Vixen  Tor,  the  Cheegc-wrin;^,  and  Logan  Kock :  oji  alsu  in  Sections  and 
Vie**  illuatialive  of  Geological  Fbffiaomeua,  pi.  20. 
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ceedingly  slow,  that  the  life  of  man  will  scarcely  permit  him  to 
obser%'e  a  change ;  therefore  the  period  requisite  to  produce 
their  present  appearances  must  Iiave  been  very  considerable. 
The  surface  of  the  whole  country  round  these  districts  attests 
the  same  great  lapse  of  time.  Whatever  may  be  the  nature 
of  the  rock,  it  is  disinteprrated  to  considerable  dejrths ;  porphy- 
ries, slates,  compact  &atidstoues,  trap  rocks, — all  have  suffere<l; 
but  the  valleys  appear  to  have  previously  existed,  and  the  ge- 
neral foi'ni  of  the  land  to  have  been  much  llie  same  as  it  now  is. 
ThefoUowing  section  will  explain  this  decomposition  of  surface. 

%.  4.         ^ ^ 


a  a,  decomposition  of  the  rock  I)  b  following  a  line  of  pre-, 
vious  elevation  and  depression,  the  accumulation  being  great- 
est at  the  bottom  of  the  valley  r,  frequently  cut  through  by  a 
river  or  rivulet,  and  sometimes  exposing  a  stratified  appear- 
ance, as  if  the  disintegrated  substances  of  tlie  hill-sides  had 
slipped  over  each  other  to  the  bottom  of  the  valley.  The 
maximum  quantity  of  detritus  so  brought  down  to  the  bottom 
of  a  valley,  sometimes  amounts  to  25  or  30  feet.  This  detritus, 
which  is  often  very  loosely  aggregated,  is  now  indeed  protected 
from  removal,  at  least  to  a  great  extent,  by  grass  and  general 
cultivation.  The  various  appearances  of  this  detritus  are  sin- 
gular; for  often  larger  pieces,  perhaps  of  twenty  or  thirty 
pounds  weight,  are  included  among  small  fragments  and  even 
sand.  Of  this  the  following  section,  exhibited  on  the  sea- 
shore at  Black  Pool,  Dartmouth,  affords  an  example. 

Fig.  5 


a  n,  detritus  from  the  grauwacke  slates  b  6,  more  thickly 
accumulated  at  ef,  c  c,  a  liigh  beach  of  small  quartz  shingles, 
defending  the  bottom  of  llie  valley  d  (which  is  much  lower  than 
the  crown  of  the  beach)  and  the  cliffs  on  either  side.  The 
drainage  of  the  valley  escapes  in  n  serpentine  manner  by  a 
rivulet  at  c.  At  e  and^y^  many  large  fragments  are  mixed  with 
the  smaller 

The  slates  in  the  South  Hams,  Devon,  are  frequently  sur- 
mounted by  a  superficial  covering  of  fragments,  which,  at 
their  union  with  the  undecomposed  rock,  appear  as  if  some 
force  had  been  exercised  at  the  comniuncemcnt;  the  slates  being 
broken  and  turned  back  in  the  luuuuer  represented  beneath. 
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fl,  vegetable  soil:  t,  small  frng- 
menls  of  slaie  resting  in  various  di- 
rections: c,  portions  of  laminae,  turn- 
ed  backwards,    sometimes   without 


Fill.  6. 


fracture.  J22 

If  we  proceed  to  the  eastward  from  the  South  Hams,  thei 
same  appearances  present  themselves,  whatever  may  be  the ' 
nature  of  the  rock,  though  they  become  somewhat  more  com- 

? Heated  upon  Haldon  Hill,  and  on  the  coast  of  Sidmouth  and 
,yme  Regis,  as  this  decomposition  of  the  surface  seems  mixed  i 
with  a  disintegration  effected  previous  to  the  deposit  of  the 
supracretaceous  rocks.  A  deep  disintegration  of  surface, 
conforming  to  the  undulations  of  tlie  country,  is  well  observed ) 
in  Normandy,  where  it  has  been  described  by  M.  de  Caumont 
and  M.  de  Magneville,  and  seems  due  to  ilie  action  of  the 
same  causes  which  have  produced  the  decomposition  of  sur- 
face in  the  South  of  Eiifjlanil . 

This  destruction  of  the  surface  is  common  to  most  countries; 
and  if  the  rock  so  weathered  be  limestone,  there  is,  not  unfre- 
quently,  a  reconsolidation  of  the  parti  by  means  of  calcareous 
matter  deposited  by  the  water  that  percolates  throiigh  the 
fragments,  and  which  dissolves  a  portion  of  them.  At  Nice, 
the  fractured  surface  thus  reunited  is  so  hard,  that,  if  it  occur 
on  a  line  of  road,  it  must  be  blasted  by  gunpowder  for  removal. 
There  are  some  fine  examples  of  this  leconsolidaiion  upon  then 
limestone  hilis  of  Jamaica  ;  as  for  example  near  Rock  Tort, 
and  at  the  cliffs  to  the  eastward  of  the  Milk  River's  mouth. 

The  felspar  contained  in  granite  is  often  easily  decomposed, 
and  when  this  is  effected  the  surface  frequently  presents  a 
qoartzose  gravel.  D'Aubuisson  mentions  that  in  a  hollow 
way,  which  had  been  only  six  years  blasted  through  granite, 
the  rock  was  entirely  decomposed  to  tlie  depth  of  three  inches. 
He  also  states  that  the  granite  country  of  Auvergne,  the  Vi- 
varrais  and  the  eastern  Pyrenees,  is  frequently  so  much  de- 
composed, that  the  traveller  may  imagine  himself  on  large 
tracts  of  gravel*. 

Sjome  trap-rocks,  from  the  presence  of  the  same  mineral, 
are  so  liable  to  decomposition  that  there  is  frequently  much 
difficulty  in  obtaining  a  specimen.  The  depth  to  which  some 
rocks  of  this  nature  are  disintegrated  in  Jamaica  is  often  very 
considerable. 

Tliis  decomposition  is  attributed  to  the  chemical  as  well  as 
mechanical  action  of  the  atmosphere.  The  oxygen  of  the  at- 
mosphere produces  considerable  alteration  in  rocks,  more 
particularly  observed  in  those  containing  iron,  which  are  ihu* 

*  Traits  de  G^ognosie. 
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often  rcfluced  from  n  hard  to  n  soft  siibstanco.  Willi  the  strw 
fiiu!  quiet  changes  effected  by  electricity  on  the  surface  we  are 
very  imperfectly  acquainted;  but  all  are  familiar  with  the  effects 
of  n  discharge  from  a  thuuder-storrn,  shivering  rocks,  and 
hurling  fragments  from  llie  heigliLs  into  the  valleys  beneath. 
In  these  electrical  discharges  the  lightning  often  fuses  the 
surface  of  rocks.  Tlvus,  De  Saiissure  foun<l  a  compound  rock« 
t)n  Mont  Blanc,  fused  on  the  surface,  white  bubbles  being 
the  felspar,  and  black  bubbles  on  the  hornblende.  Siraih 
observations  have  been  made  by  other  geologisiis  in  other  parts 
ol'the  world. 

Tlie  effects  of  lightning  upon  loose  sand  were  beautifully 
exhibited  in  the  drifted  sand  hills  between  the  sea  and  the  em- 
bouchure of  the  Irt,  near  Diigg,  in  Cumberland.     The  sand 
consists  of  quartiose  grains  intermingled  with  a  ^ew  grains 
of  liornstone  porphyry,  and  a  few  fragments  of  shells,  and^ 
rests,  at  the  depth  of  twenty-nine  feet,  upon  a  bed  of  pebble4^| 
Two  feet  beneath  these  pebbles  is  a  btjti  of  wet  sand  containing^ 
small  pebbles.     Upon  a  single  hillock,  about  forty  feet  above 
the  sea,  and  within  an  area  of  fifteen  yards,  three  hollow  tubes 
were  discovered,  about  an  inch  and  u  half  in  diameter.     They 
consisted  of  the  matter  of  the  sand  fused,  and  rendered  vf^fl 
treous.     These  tubes  descended  in  a  vertical  manner  to  more™ 
than  thirty  feet,  branching  downwards  in  their  descent.     One 
tube  coming  in  contact,  at  the  depth  of  twenty-nine  feet,  with  i 
fragment  of  liornstone  porphyry,  glanced  olFat  an  angle  of  45' 
and  afterwartis  resumed  its  vertical  course.     As  might  have 
l)een  expected,  the  tubes  were  very  irregular  in  their  passage 
into  the  wet  sand. — The  annexed  sketch  repre- 
sents tlie  termination  of  one  of  tliese  vitreous 
tubes  upon  a  granite  pebble,  and  exhibits   die 
manner  in  which  they  branched  off'  in  their  de^ 
scent,  thus  marking  the  course  of  the  electrical 
discharge*. 

At  Peninis  Point,  Su  Mary*s,  Scilly  Islands, 
there  is  a  curious  example  of  that  decomposition 
of  granite,  which  antiquaries  have  termed  rock- 
Omiiis,  and  considered  the  work  of  the  Druids. 
The  Kettle  and  Pans,  as  these  depressions  are 
there  named,  occur  in  the  large  blocks  of  granite 
on  tlie  top  of  this  promontory  ;  they  are  gene- 
rally three  feet  in  diameter  and  about  two  feet 
deep ;  they  are  mostly  circular  and  concave,  but 
there  are  others  much  indented  at  the  sides. 
Some  have  perpendicular  sides  and  Hat  bottoms,  some 

•  Geol.  Trans,  vob.  ii.  and  v.  pi.  39. 
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of  an  oval  fonn,  and  others  of  no  repj^ular  figure.  Many  of 
llie  blocks  are  six  or  seven  yards  liigli,  ei^^lit  or  nine  yards 
square,  and  several  of  them  have  four,  live,  six  or  more  of 
these  cavities  in  them.  A  large  rock  near  the  extremity  of 
tliis  group  has  two  basins,  of  an  immense  size,  besides  several 
smaller  ones.  The  upper  and  larger  one  appears  to  have  been 
formed  by  the  junction  of  three  or  more  large  basins.  It  is 
irregularly  shaped,  and  about  eighteen  feet  in  circumference 
and  six  feet  deep.  When  the  water  in  this  basin  has  attained 
the  height  of  three  feet,  it  discharges  itself  by  a  lip  into  a  lower 
basin,  more  regularly  formed,  the  back  of  which  is  nbout  five 
feet  high,  but  which  is  incapable  of  containing  more  than  a 
depth  of  two  feet  of  water,  owing  to  the  declivity  of  the  sur- 
face of  die  rock  ♦."  As  a  proof  that  similar  decomposition 
sometimes  takes  place  on  the  sides  of  a  block,  the  author  above 
cited  mentions  an  oval  cavity,  six  feet  long,  five  wide,  and 
nearly  lour  feet  deep,  thus  situated. — The  following  wood-cut 
will  aflbrd  an  idea  of  the  Kettle  and  Pansf. 


Fig.  8. 


Tliere  is  scarcely  a  substance,  which  having  been  ex| 
tu  the  action  of  the  atmosphere  for  a  considerable  time,  does 
not  exhibit  marks  of  weathering.  It  will  even  be  observed  on 
ihe  hardest  siliceous  rocks.  The  action  of  the  atmosphere  on 
difls  of  sandstone,  in  which  the  centent  varies  in  induration 
or  otherwise,  produces  the  most  grotesrjue  forms,  which  must 
l>e  more  or  less  familiar  to  tlie  least  observing.  Variations  in 
temperature  much  assist  the  chemical  decomposing  power  of 
the  air. 

Water  maybe  considered  as  the  principal  mechanical  agent 
in  til e  great  work  of  atmospheric  destruction,  uniting  at  the 
ttme  time  tlie  character  of  a  chemical  agent.  By  infiltration 
it  tends  to  separate  the  particles  of  which  the  rocks  are  com- 
l^osed,  uniting  chemically  with  the  cementing  matter  in  some 
Cases,  and  in  others  forcing  it  away  mechanically ;  in  both 
instances  leaving  the  particles  not  previously  acted  upon, 
more  easily  disturbed  by  a  continuation  of  infiltration.     In 

*  Rev.  G.  Woodlcy ;  View  of  the  prtwent  State  of  the  Scilly  Isloiidi,  1822. 
1  Fran  a  sketch  by  Mr.  Hullaiiil, 
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those  situations  wliere  Uie  teinpcraturu  descends  suflicientty 
low  to  jiroduce  frost,  the  meclianical  action  oi"  the  aimuiiphc' 
ric  water  becomes  much  more  considerable.  Having  entered 
into  the  interstices  of  rocks  when  liquid,  it  assmnes  a  greater 
volume  when  it  becomes  solid  from  a  sufiiciefitly  diminished 
tetnpernturet  telt  at  greater  or  less  depths  in  proportion  to 
the  amount  of  decreased  heat  of  the  climates  where  the  rocks 
may  be  situate.  Portions  of  rock  are  thus  forced  asunder, 
and  fine  particles  so  separated,  that  the  mere  return  of  the 
water  to  a  liquid  state,  assisted  by  gravity,  is  sufficient  to  re- 
move them.  The  hu'ge  masses  have  their  centres  of  gravity 
often  so  altered  relatively  lo  rocks  on  which  they  rest,  that 
when  no  longer  cemented  by  the  ice,  tliey  fall  from  their  si- 
tuations to  a  lower  level.  The  fail  of  rocks  occasioned  by 
this  means  is  common  in  lofty  mountains,  where  considerable 
heights  are  exposeil  to  the  alternations  of  frost  and  thaw. 

By  percolation  tlirough  porous  rocks  the  water  atUiins  strata 
which  are  not  so, — sucii  as  clays.  The  water  thus  stojiped  in 
its  course  downwards,  escapes  as  it  best  can  to  the  sides  of 
hitis  and  other  situations,  producing  springs.  At  the  places 
where  this  discharge  of  water  takes  place,  there  is  also  a  me- 
chanical <lestrnction  of  the  parts  through  which  the  water  de- 
livers itself.  Rocks  are  affected  by  this  action  of  the  water  in 
proportion  to  their  composition ;  which,  though  not  porous, 
may  still  be  acted  on  by  the  water.  An  argillaceous  substra- 
tum will  get  gradually  nioi^t  at  the  surface,  and  in  favourable 
situations  may  become  a  wet  clay.  The  stability  of  the  mass 
above  will  depend  iipoji  the  relative  position  of  the  strata. 
Thus  in  the  wood-cut  annexed,  if 
on  the  mountain  a,  water  perco- 
late through  the  porous  strata  b 
to  the  impervious  clay  bed  c  c,  the 
surface  of  the  latter  would  become 
slippery,  and  the  mass  above  be 
launched  into  the  valley  d.  Now  this  is  precisely  what  hap- 
pened in  the  case  of  the  Ruffiberg  in  Switzerland.  This 
mountain,  also  known  as  the  Rossberg,  is  519fi  feet  above 
the  level  of  the  sea,  and  rises  opposite  the  well-known  Righi. 
Its  upper  part  is  composed  of  beds  of  a  compound  rock 
formed  from  the  debris  of  the  Alps  at  n  previous  geological 
epoch.  These  arc  to  a  certain  extent  porous,  and  the  water 
percolates  through  them  to  a  clay  stratum  on  which  they 
rest;  the  whole  dipping  at  a  considerable  angle  (about  45"). 
The  clay  becoming  soft  by  the  action  of  the  water,  and  the 
thick  superincumbent  beds  losing  their  support,  the  latter 
were  launched  over  the  slippery  and  inclined  surface  beneath, 
and  the  valley  below  was  covered  with  their  ruin. 

This  slide  took  place  on  the  2nd  of  September  1806,  and 


Fig.  9. 
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vere<l  a  beautiful  valley  with  rocks  and  mud.     The  villages 

Goldau  and    Busin^ren,  the  hamlet  of  Huelloch,  a  large 

n  of  the  village  of  Lowertz,  the  farms  of  (inter-  and  Ober- 

then,  and  many  scattered  houses  in  the  valley,  were  over- 

helme<l  by  the  ruin.     Goldau  was  crushed   by  masses  of 
ks,  and  Lowertz  invaded  by  a  stream  of  mud. 
The  torrent  of  rubbish   and   mud   which   rushed  into  the 

ke  of  Lowertz  produced  such   a  motion  of  the  waters,  that 
e  village  of  Seven,  situated  at  the  other  extremity,  was  in- 

ndated,  and  in  great  danger  of  being  destroyed,  two  houses 

been   washed  away.     Live  fish  were  found  in  the  vil- 

re  of  Steincn,  thrown  there  by  the  Hood.     The  lives  lost 

ere  calculated  fi-om  800  to  900.    Several  travellers  perished. 
t  appears  that  there  are  traditionary   accounts  ol'  former, 

ough  smaller,  slides  from  the  llouffi  or  Rossberg*. 
Large  falls  from  mountains  take  place  iVom  the  percolation 

f  water  to  certain  portions,  which  they  mechanically  loosen 
chemically  destroy  without  sliding  over  an  inclined  plane, 
in  the  case  of  Rossberg,  though  the  force  of  gravity  still 

IfCauses  the  fall.     The  Alps  Iiave  afforded  many  examples  of 
Ihis  fact,  among  others  that  of  the  great  fall  from  the  Dia- 
Uerets  in  174^9. 
I    Nothing  is  so  common  in  mountainous  regions  as  a  talus 
bf  detritus  brought  to  the   foot  of  a  clifF;  (his  detritus  com- 
|>osed  of  fragments  of  the  rocks  above,  detached   by  decom- 
position from  their  surface,  and  brought  down  tlirectly  by 
'       their  own  gravity,  or  by  the  union  of  their  own  gravity  and 
the  force  of  surface-water,  the  latter  derived  from  rains  and 
the  melting  of  snows.     Avalanches  of  snow  are  great  trans.- 
porters  of  such  fragments ;  and  in  tlie  places  where  they  fall 
there  are  always  large  accumulations  of  them,  often  borne 
^^rom  the  greatest  heights  by  the  irresistible  fury  of  the  de- 
^■cending  snow. 

^^    The  under  cliffs  at   Pinhay,  near   Lyme   Regis,  may  be 
taken  as  an  example  of  the  destruction  of  a  cliff"  by  means  of 
land  springs,  greater  than  that  which  is  produced  by  the  ao- 
"*  Jie  sea  in  the  same  place. 


*  For  a  view  of  this  fall,  taken  four  days  after  tlic  catastrophe,— see  Sec* 
tioinonJ  Views  iUuslrativc  of  Geological  Plia'tiomcna,  pi.  3J3. 
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Oy  gravel :  6,  chalk :  c,  green  sand,  both  porous  rocks 
through  which  the  water  percolates  to  the  clay  bed  J,  com- 
posed of  the  lower  part  of  the  green  sand  beds  c  and  the  u|>' 
per  part  of  the  Has  beds  e ;  being  arrested  in  its  prcjgress 
downwards,  tlie  water  escapes  by  the  easiest  road,  which  is 
that  presented  by  tlie  cUff"  originally  formed  by  the  sea.  Il 
here  gradually  carries  away  the  clay,  first  rendering  it  tnoist 
The  chalk  and  green  sand  lose  their  support,  give  way,  and 
fall  over  into  the  sea.  The  lias  e  does  not  give  way  so  fast 
before  the  sea  at  the  clifl'g^,  as  the  superincumbent  mass,  af- 
fected by  the  land  springs ;  therefore  the  latter  retreats  until 
it  has  tonned  a  great  tahis  at  J'l  but  this  talus  tends  con- 
stantly to  move  forward  both  by  the  destruction  of  the  lias 
clifl"  at  g,  and  by  the  tendency  of  the  land  springs  to  loosen 
its  base,  and  to  propel  it  into  the  sea.  The  chalk  and  green 
sand  containing  hard  substances,  often  of  considerable  size, 
great  protection  is  afforded  to  the  cliffy,  by  their  fall  over 
its  top,  tlie  fury  of  the  breakers  being  greatly  spent  upon 
these  masses. 

Rivers, — These  most  frequently,  though  not  always,  take 
their  rise  among  hills  and  mountains,  and  are  supplied  either 
by  the  melting  of  snows  or  glaciers,  by  the  draining  of  rain- 
waters, or  by  springs.  They  transport  the  detritus  fornjed 
either  by  the  atmospheric  agents,  previously  noticed,  or  by 
themselves.  The  power  of  this  transport  depends  upon  their 
velocities.  Now,  the  velocity  of  a  river  current  is  greatest  in 
the  centre,  and  least  on  the  sides  and  bottom,  being  retarded 
by  friction  ;  consequently,  the  transporting  power  of  a  river 
is  least  where  it  comes  in  contact  with  the  substances  to  be 
transported.  These  substances  are  generally  angular  if  de- 
tached from  simple  rocks  for  the  first  time,  such  as  pieces  of 
limestone,  granite.  Sec,  and  at  tlie  commencement  present 
great  obstacles  to  transportation  ;  for  the  velocity  of  a  current 
must  be  sufficient  to  move  these  angular  fragments  before 
they  can  suffer  attrition.  Rocks  composed  of  fragments  which 
have  been  previously  rounded,  such  as  conglomerates,  will, 
if  they  decompose  easily,  contribute  ready-formed  gravel  to 
the  river,  which  might  thus  be  able  to  carry  them  forward, 
while  its  velocity  was  insufficient  to  transport  angular  frag- 
ments of  equal  weight.  The  transport  of  sandstones  wiU 
depend  on  their  state  of  induration,  and  be  easy  where  the 
particles  are  slightly  aggregated ;  difficult,  when  so  compact 
as  to  form  angular  fragments. 

When  the  velocity  of  a  river  is  sufficient  to  produce  attrition 
oftlie  substances  which  it  has  either  torn  up,  collected  by  un- 
dermining its  banks,  or  which  have  fallen  into  it,  such  sub- 
stances gradually  become  more  easy  of  transport,  and  would. 


foem  Uie  current  continued  always  the  same,  be  forced 

»rward  until  the  river  delivered  itself  into  the  sea;  but  as  the 

ilocily  ofa  current  greatly  depends  on  the  fall  of  the  river  from 

»e  level  to  another,  the  transport  is  refjulated  by  the  inclina- 

I  of  the  river's  bed.     Now  it  is  well  known  that  this  inclina- 

m  varies  materially,  even  in  the  same  river ;  so  that  it  may 

able  Co  carry  detritus  to  one  situation,  but  may  be  unable  to 

insport  it  further,  under  ordinary  circumstances,  in  con- 

^uence  of  diminished  velocity.     But  ttiis  may  be,  and  often 

so  much  increased  further  down,  that  its  original  transport- 

_  power  may  be,  in  a  great  measure,  restored.     It  can  now, 

>wever,  only  carry  forward  such  detritus  as  it  can  receive  or 

up  in  its  course,  and  the  pebbles  which  were  left  beiiind 

the  place  of  its  first  diminished  velocity  can  only  be  brought 

Ithin  its  power  by  floods,  or,  in  other  words,  by  extraordinary 

ircumstances.     As  a  general  fact,  it,  may  be  stated  that  rivers, 

where  their  courses  are  short  and  rapid,  bear  down  pebbles 

into  ib«  seas  near  them,  us  is  the  case  in  the  Maritime  Alps, 

but  that  when  their  courses  are  long,  and  changed  from 

ipid  to  !>low,  they  deposit  the  pebbles  where  the  force  of  the 

rnream  diminishes,  and  finally  transport  mere  sand  or  nmd  to 

llheir  mouths,  as  is  the  case  with  the  Rhine,   Rhone,  Po, 

I  Danube,  Ganges,  &c. 

It  will  follow  that  the  form  and  weight  of  the  detritus  carried 
to  the  sea  will  depend  upon  the  length  and  velocities  of  rivers, 
IftU  other  circumstances  being  the  same. 

If  in  its  course  the  form  of  the  land  be  such  that  lakes  are 

produced,  the  detritus  borne  down  by  a  river  will  be  deposited 

their  beds,  which  have  thus  a  tendency  to  be  gradually 

Slled  up,  the  quality  of  the  detritus  depending  on  the  velocity 

"  tlie  river.     Such  ineoualities,  producing  small  lakes,  are 

'^eommon  in  mountain  valleys,  and  have  evidently  been  once 

much  more  so.     The  velocity  of  the  stream  issuing  from  the 

lake  will  gready  depend  upon  the  fall  of  land  over  which  it 

flows.     The  stream  will  endeavour  to  cut  down  the  barrier 

ivhich  produced  the  lake,  but  if  the  velocity  be  trifling  or  tlie 

jrocks  hard,  it  will  effect  little;  while  if  the  stream  be  rapid  or 

[the  rocks  easily  cut,  it  will  traverse  the  natural  bar,  drain  the 

lake,  and  permit  the  river  to  flow  in  an  uninterrupted  course. 

Should  the  lake,  wliile  it  existed,  have  been  partially  filled  up 

bv  the  detritus  from  above,  the  river  will   cut  through  this 

also,  and  the  part  thus  cut  away  will  be  transported  to  a 

lower  level.     The  following  diagram. may  assist  the  reader, 

Tm.  11. 
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a  6,  course  of  a  river  flowing  into  the  lake  b  fi  c^  which  is 
filled  with  water  to  the  level  b  c,  the  surplus  falling  over  the 
slope  c  J,  and  continuing  its  course  in  the  direction  d g:  e/, 
deposit  of  detritus  derived  from  the  river  a  6,  at  the  bottom 
of  tlie  lake  c  h  b :  b  d^  bed  of  the  river  formed  by  cutting 
through  the  barrier  e  c  f/,  and  part  of  tlie  detritus  e  hf^  so  as 
to  form  a  continuous  course  with  a  6  on  the  one  side  and  dg 
on  the  other. 

When  lakes  are  large,  such  for  instance  as  those  of  Geneva 
and  Constance,  an  iminetise  lapse  of  time  will  be  required  to 
fill  them  with  detritus,  so  that,  eventually,  a  continuous  river 
may  traverse  land  occupying  a  space  once  filled  by  the  water. 
Lakes  of  this  magnitude  oppose  great  obstacles  to  Ine  transport 
of  pebbles.  The  progress  of  a  large  proportion  of  detritus 
from  the  Alps  is  arrested  by  lakes  on  their  north  and  south 
sides.  Thus,  on  the  north,  the  Rhine  deposits  its  mountain 
detritus  in  the  lake  of  Constance,  and  the  Rhone  its  trans- 
ported pebbles  and  sands  in  the  lake  of  Geneva.  Between 
these  two  great  lakes,  those  of  Zurich,  Lucerne,  &c.»  receive 
the  gravels  of  other  Alpine  rivers.  On  the  south,  the  Lago 
Maggiore  receives  the  Alpine  detritus  of  the  Ticino;  the  lake 
of  Como,  that  of  the  Adda;  and  the  lakes  of  Garda,  &c. 
perform  the  same  oflice  to  other  rivers.  From  these  circum- 
stances it  will  be  evident,  that  the  detritus  of  a  large  portion 
of  the  Alps  cannot  travel,  by  the  rivers,  either  into  the  ocean 
or  tlie  Mediterranean.  The  Po  receives  the  waters  of  a  large 
portion  of  the  Alps,  and  carries  sand  and  silt  into  the  sea; 
but  the  pebbles  are  arrested  before  il  receives  the  Ticino, 
which,  ihough  it  transports  rounded  stones,  does  not  bring 
them  directly  from  the  Alps,  but  from  its  banks,  after  quitting 
the  Lago  Maggiore,  which  banks  contain  the  rounded  Alpine 
fragments  of  a  previous  ejioch.  The  same  with  the  Rhone 
near  Geneva,  in  which  Alpine  pebbles  occur,  and  which  could 
not»  in  the  actual  state  of  things,  be  derived  from  the  Alps, 
because  they  would  have  been  stopped  in  the  take  of  Geneva. 
They  are  derived  from  its  banks  and  bed  immediately  on 
quitting  the  lake.  Geological  students,  in  ex.imining  river- 
courses,  should  be  very  careful  in  distinguishing  between 
pebbles  from  the  immediate  banks  of  rivers,  antl  tliose  which 
might  be  derived  from  a  distance,  but  to  the  transport  of 
which,  by  the  rivers,  physical  obstacles  oppose  themselves. 
From  a  want  of  attention  to  tliis  circumstance,  many  errors 
have  arisen.  It  has  been  considered  that  the  mode  in  which 
a  river  discharges  itself  into  a  lake,  and  pushes  forward  its 
detritus,  would  be  such  that  the  deposit  would  assume  a  nearly 
horizontal  stratification.  The  angle  of  deposit  must,  however, 
depend  upoa  the  deptli  of  the  lake  and  the  quality  of  the 
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<detntus  discharged  into  it.     Thus,  if  the  detritus  be  composed 
sand  and  mud,  it  will  be  propelled  lurther  into  tlie  bodj  of 
e  lake  than  if  it  consist  of  [)ebbles.     Examples  of  both  cases 
ill  be  found  in  the  lake  of  Geneva.     The  ordinary  deposit 
m  the  Rhone  is  sandy  and  muddy,  wliich  sinks  in  clouds, 
m  its  greater  specific  gravity,  beneath  the  clear  waters  of 
e  lake;    yet  the  initial  velocity  is  sufficient  to  transport  a 
ri  of  it  about  a  league  and  a  quarter,  for  I  found  a  portion 
it  at  the  depth  of  90  fathoms,  raising  the  bottom  of  the  lake 
tween  St.  Gingolph  and  Vevey*.      This  would  give  a  very 
ight  dip  from  the  embouchure  of  the  Rhone.     Off"  the  mouth 
~  the  Drance,  a  torrent  rushing  into  the  lake  near  Ripaille, 
e  pebbles,  forced  down,  must  arrange  themselves  at  a  much 
more  considerable  angle;    for  80  fathoms  are  obtained  at  a 
short  distance  from  the  shore.     The  same  variations  in  dip 
will  also  be  observed  in  the  lake  of  Como,  where  the  turbid 
waters  of  the  Adda  have  deposited  a  considerable  quantity  of 
sand  and  mud,  which  slopes  gradually   at  a  gentle  angle; 
hile  the  torrent-borne  detritus  at  Bellano,  Mandello,  Ab- 
dia,  and  other  places,  arranges  itself  with  a  much  more 
Qsiderable  inclination.     It  would  seem  to  follow  that  the 
ratification  of  lake  deposits  derived  from  the  land  around 
em,  would  not  be  uniform,  but  would  depend  on  local  cir- 
'cutDstances,  rivers  or  torrents  propelling  detritus  before  them, 
which  would  be  as  various  as  the  rocks  they  respectively  tra- 
versed ;  each  collection  would  have  a  mode  of  deposit  of  its 
own,  independent  of  the  others,  and  they  would  tend  to  ap- 
proach, and  finally  to  unite  with  each  other. 

The  higher  part  of  the  lake  of  Como  is  nearly  filled  up  by 

the  detritus  transported  by  the  Adda  and  Meraf.    The  former 

lias  divided  the  lake  into  two;  the  smaller  portion  (known  by 

tiie  name  of  the  Lago  di  Mesola,)  being  so  shallow  from  the 

ited  deposit  of  the  two  rivers  and  some  torrents,  that  aquatic 

ilantd  grow  through  the  water  on  the  eastern  part;  while  on 

the  western,  in  which  there  is  a  greater  depth,  the  process  of 

filling  up  is  hastened  by  means  of  stones,  detached  in  such 

numbers,  in  particular  seasons  of  the  year,  from  the  heights 

on  tbAt  side,  that  a  passage  in  a  boat  beneath  the  cliffs  be- 

eomes  exceedingly  hazardous.   Considering  the  many  thousand 

revolutions  of  our  planet  routid  the  sun,  that  must  have  takea 

place  since  the  land  assumed  its  present  general  form,  we 

filiould  expect  to  find  the  barriers  even  of  considerable  lakes 

cat  through  under  favourable  circumstances,  and  accordingly 

•e  do  discover  appearances  which  would  seem  to  warrant  this 

conclusion. 

•  f^oTAtnapand  sectionsof  this  lake,  see  BibliolheqiieUniverselltfor  181f). 
t  See  Sections  and  V^iewi  ii!u5tralivi  of  Geological  Phenomsna,  pi.  31. 


5i 


Degradatiatt  uj  hand. 


It  is  by  no  means  uncommon  lo  firul  plains  of  grealer  or 
less  extent,  bounded  on  all  siiles  by  bif?l>  land»  and  through 
wliicli  a  principal  river  meanders,  entering  at  one  end  by  a 
valley,  and  passing  out  through  a  gorge  at  the  otlier,  aug- 
mented by  tributary  streams  from  the  surrounding  hills: 
sometimes  these  plains  have  no  principal  river  passing  llirough 
them;  but  many  small  streams,  descending  from  the  moun- 
tains, unite  in  the  plain  and  pass  out  also  through  a  gorge. 
In  such  cases  the  plain  presonLs  the  appearance  of  a  drained 
lake,  such  as  we  may  sujjpose  would  be  exhibited  in  many 
now  existing,  if  passages  for  the  waters  were  cut  or  broken 
through  any  part  of  the  basins  holding  them.  The  gorge  at 
Nami  seems  to  have  let  out  the  waters  of  a  lake  supplied  by 
the  Nera,  which  now  flows  througli  the  plain  of  Terni,  the 
former  bottom  of  the  lake.  The  great  fertile  plain  of  Florence 
seems  once  to  liave  been  tlie  bed  of  a  lake,  the  drainage  of 
which  wa-i  eflected  by  a  cut  through  the  high  latid  that  bounds 
it  on  the  west.  If  this  outlet  were  again  closed,  the  waters  of 
the  Arno  would  again  cover  the  plain  and  convert  it  into  the 
bed  of  a  lake.  The  period  at  wliicb  the  break  in  the  Jura 
was  formed  at  the  Fort  de  I'Eelusc,  may  perliaps  be  ques- 
tionable; but  if  closed,  it  would  stop  the  course  of  the  Rbone^ 
and  convert  the  lake  of  Geneva  into  a  much  larger  body  of 
water. 

These  appearances  are  not  confined  to  one  part  of  the 
world  ;  they  would  appear,  from  the  descriptions  of  intelligent 
travellers,  to  exist  very  commonly.  I  have  myself  obserred 
examples  in  Jamaica.  The  district  mimed  St.  Thomas  in  the 
Vale  is  a  marked  on^.  Here  wu  have  low  land  bounded  on  all 
aides  by  hills,  which  would  form  the  hariks  ofa  lake,  were  not  the 
waters  let  out  by  the  gorge  through  which  the  Rio  Cobre  flows. 

It  would  therefore  appear,  though  large  lakes  collect  moun- 
tain detritus,  which  is  distributed  over  a  large  surface,  en- 
veloping, probably,  animal  and  vegetable  remains,  that  the 
barriers  of  the  lakes  may  be  cut  <n'  broken  through,  and  the 
rivers  again  act  on  a  portion  of  iJie  previous  deposit. 

The  probability  that  many  gorges  originate  from  the  cutting 
power  of  rivers  discharged  from  lakes,  is  rendered  stronger 
by  examining  those  natural  basins  which  are  drained  by  sub- 
terraneous channels,  and  where  gorges  are  not  found.  Thus 
Luidns  Vale,  in  (he  island  of  Jamaica,  is  a  district  surrounded 
on  all  si<les  by  high  land,  and  would  form  a  lake,  were  not 
the  waters,  ilerivetl  from  heuvy  tropical  rnins,  carried  off  by 
sink-holes  in  the  low  grountls.  A  body  of  water,  brought  to 
turn  the  water-wheel  of  an  estate's  works,  Is  swallowed  up 
close  lo  theic  works.  A  cavern,  out  of  which  water  sonie- 
timcs  isbiie.*!,  near  another  estate,  i:>  bpccdily  engulied  in  a  cave 
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'&r  distant,     lii  consequence  of  this  escape  of  tiie  waters, 

1  gorge  is  not  formoil  by  means  of  a  discharging  river  flowing 

fer  the  lowest  lip  of  the  high  land,  as  appears  to  have  hap- 

jned  in  the  case  of  St.  Thomas  in  the  Vale,  which  adjoius 

•uidas  Vale. 

It  is  stated,  "that  a  velocity  of  three  inches  per  second  at 
»e  bottom  will  just  begin  to  work  upon  fine  clay  fit  for  pot- 
try,  and  however  firm  and  compact  it  may  be,  it  will  tear  it 
;  yet  no  beds  are  more  sLTtble  liian  clay  when  the  velocities 
not  exceed  this  ;  for  the  water  soon  takes  away  the  impal- 
ible  particles  of  the  superficial  clay,  leaving  the  particles  of 
md  sticking  by  their  lower  half  in  the  rest  of  the  clay,  wliicli 
Hey  now  protect,  making  a  very  permanent  bottom,  if  the 
Iream  does  not  bring  down  gravel  or  coarse  sand,  which  will 
ib  oft'  this  very  thin  crust,  and  allow  another  layer  to  be  worn 
A  velocity  of  six  inches  will  lift  fine  sand  ;  eight  inches 
rill  lift  sand  as  coarse  as  linseed ;  twelve  indies  will  sweep 
"•wjiy  fine  gravel ;  twenty-four  inches  will  roll  along  rounded 
pebbles  an  inch  in  diameter ;  and  it  requires  three  feet  per 
^LMcond  at  the  bottom  to  sweep  along  shivery  angular  stones 
^f-oflhe  size  of  an  egg*." 

The  destructive  power  of  rivers  on  solid  rocks  appears  to 
L  act  both  chemically  and  mechanically.  Chemically,  by  the 
^ptffinhy  of  water  and  of  the  air  which  it  holds  in  solution  for 
^Ui€  various  substances  it  encounters ;   and  mechanically,  by 

I  the  friction  of  the  detrituis,  independent  of  that  of  the  water, 
Bpon  the  bottom  and  sides,  but  }>rincipally  on  the  former. 
They  may  have  thus  effected  a  passage  through  the  lake  bar- 
kers previously  noticed,  and  by  these  means  they  destroy  the 
obstacles  opposed  to  their  conrses.  When  a  bank,  a  small 
kill,  or  the  foot  of  a  mountain,  opposes  their  progress,  they 
usail  it,  and  form  clifis,  the  materials  of  which,  if  soft,  fall  into 
the  stream,  or  make  under  clifls,  which  are  removed,  and  the 
work  of  destruction  is  slowly  continued  (Fig.  12.  a.) ;  or  when 
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ll>e  clifT,  thus  formed,  is  of  harder  materials,  blocks  are  accu- 

"•iilateil  in  ft  talus  at  its  base,  and  die  cliff  is  secured,  in  a  great 
>neiuurc,  from  attack,  until  this  protecting  mass  is  removed 

»  •  Eneyclopa-dia  tJrilnniiica,  nrt.  Hirer, 
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(Fig.  12.  b.).  There  is  scarcely  a  river  of  any  considerable 
length  which  does  notiiffbrd  examples  of  cliffs  thus  produced; 
very  frequendy  they  overhang  flat  or  jretiily  sloping  land,  on 
which  the  river  has  flowed  while  employed  in  cutting  the  ctifT. 
It  is  not  a  little  curious  to  trace,  in  countries  where  rivers 
wind  considerably,  the  various  obstacles  which  have  deter- 
mined the  course  of  the  stream,  causing  it  to  attack  the  ori- 
ginal more  or  less  ruunded  forms  of  the  bases  of  moderately 
elevated  hills. 

Rivers  appear  to  be  constantly  striving  to  arrange  their 
beds  in  such  a  manner  tliat  they  should  suffer  the  least  resist- 
ance in  their  courses,  cutting  down  obstacles  antl  filling  up 
depressions  which  checked  them.  But  the  constant  addition 
of  new  detritus  I'rom  the  neighbouring  highlands  embarrasses 
this  operation,  causing  accumulations  in  one  situation  whicli 
direct  the  waters  in  another.  Thus  the  fall  of  a  considerable 
quantity  of  rocks  on  one  side  will  throw  the  stream  upon  tlie 
op|>osile  bank,  which  might  previously  have  been  little  at- 
tacked. This  again  forces  the  current  in  a  direction  that  it 
did  not  previously  follow  ;  the  bottom  becomes  torn  up  by  the 
new  tine  of  the  principal  stream,  and  the  effect  of  such  a  fall 
is  fell  far  down  the  course  of  the  river.  In  consequence  of 
this  endeavour  to  avoid  a  new  obstacle,  condnual  changes  in 
a  river's  bed  take  place,  as  also  from  the  destruction  of  an  old 
obstacle,  whicti  permits  a  new  course  in  a  direction  that  the 
river  has  been  striving  to  follow. 

D'Aubuissoii  observed  two  rocks  at  the  falls  of  the  Rhine, 
near  Schalhausen,  isolated  at  the  head  of  the  precipice  over 
which  the  waters  leap ;  these  were  observed  corroded  at  their 
bases  by  the  action  ot  the  pent-up  current  between  tliem.  By 
gradually  diminishing  their  support,  the  rocks  would  finally 
be  ibrced  over  the  cataract,  and  the  waters,  having  overcome 
this  obstacle,  would  fall  in  a  different  manner  on  the  bottom 
beneath,  producing  a  difierent  effect  from  that  which  they  hi 
previously  caused.  

As  all  rivers  must  vary  in  their  cutting  power,  according  to 
velocity,  volume  of  water,  and  amount  and  quality  of  detritus 
in  the  act  of  transj>ort,  it  becomes  exceedingly  difficult  to  ge- 
neralize on  the  subject;  but  as  barriers  of  even  the  hardest 
rocks  have  suffered,  and  as  the  destructive  power  of  the  same 
rivers  on  the  same  obstacles  is  so  exceedingly  small  as  to  be 
scarcely  perceptible  during  the  life  of  man,  it  seems  fair  to 
infer  that  this  also  tends  to  confirm  the  opinion  of  the  great 
age  of  the  present  general  state  of  the  world. 

Mr.  Lyell  indeed  produces,  as  an  example  of  the  compara- 
tively quick  cutting  power  of  a  river,  a  gorge  in  a  lava-current 
at  the  loot  of  Etna,  formed  by  the  erosion  of  llie  Sinieto.  The 
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is  considered  modern,  and  Gamellaro  is  cited  as  sup- 
ig  il  thrown  out  in  1(J03.     The  lava  is  described  as  not 
>rous  or  scoriaceous,  but  as  a  compact  homogeneous  rock* 
jhter  than  common  basalt,  and  containingcjystals  of  olivine 
id  glassy  felspar.     Though  there  are  two  waterfalls,  each 
jui  six  leet,  the  general  fall  of  the  river's  bed  is  statetl  as 
lot  considerable.     The  gorge   is  cut  in   some  places  to  the 
lepth  of  forty  or  fifty  feel,  and  its  breadth  varies  from  fifty  to 
"veral  hundred  leel*.     It  is  therefore  inferred  that  this  is  a 
[goo<i  example  of  the  speedy  formation  of  gorges  by  running 
rater;  and  this  inference  cannot  be  ilenied,  if  the  date  of  the 
lilava-current  be  correctly  ascertained.     It  may  be  remarked 
that  the  present  fall  in  the  bed  of  the  Simeto  does  not  give 
that  of  the  river  during  the  great  cutting  operation.     It  must] 

tonce  have  occupied  a  different  level^  or  else  the  gorge  could] 
not  have  been  commenced ;  and  there  must  always  have  been 
a  rapid  fall,  or,  in  other  words,  a  cascade  into  the  low  land  off 
the  lava,  equal  to  the  height  of  the  lava-current;  the  waters 
being  raised  to  the  top  of  the  lava,  at  this  place,  by  the  forma- 
tion of  a  lake  behind,  produced  by  the  bar  of  lava.  It  would, 
therefore  follow,  that  the  gorge  in  the  lava-current  has  been' 

I  principally  formed  by  the  cutting  back  of  rapids  or  a  cataract. 
Though  this  circumstance  would   facilitate  the  progress  of 
'destruction,  and  render  it  less  remarkable  than  if  the  Simeto, 
with  its  present  fall,  had  cut  the  gorge,  it  yet  leaves  this  a 
good  example  of  a  ravine  formed  in  hard  rock  during  the 
t^  Course  of  two  centuries,  it  being  always  understood  that  no 
B  doubt  exists  of  the  period  when  the  lava-current  was  ejected, 
^vAod  crossed  the  previously  existing  valley. 
B      The  dates  obtained  by  the  well-known  examples   of  the 
BAuvergne  rivers  are  only  relative;  but  they  are  sufficient  to 
Bchow  that  a  valley  existed,  through  which  a  river  kept  its 
B" course,  conveying  detritus  in  the  usual  way,  and  that  the  pro- 
B  gressj  of  the  river  was  barred  by  a  lava-current  (as  in  tlie  in- 
V  stance  just  cited),  which  descending  from  a  neigiibouring  vol- 
cano traversed  the  valley,  and  formed  a  lake.    This  lake,  when 
full,  discharged  itself  over  the  lower  lip  of  its  basin,  which 
happened  to  be  in  the  direction  of  the  valley,   and  over  the 
lava-current.     This,  by  erosion,  is  cut  down,  not  only  to  its 
original  be<l,  but  through  it  into  the  rock  which  constituted 
the  bottom  of  the  original!  valley. 

Notwithstanding  appearances,  there  are  numerous  gorges  or 
ravines  through  which  rivers  flow,  which  could  not  have  been 
cut  out  by  them,  at  least  during  the  existence  of  the  present 
general  disposition  of  land  ;  lor  the  relative  levels  arc  such, 
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that  the  rivers  must  be  supposed  to  hBve  run  over  land  oftDUch 
greater  elevalian  lowartls  their  embtiucliures  than  they  flowed 
over  from  their  sources ;  in  other  words,  such  rivers  mu-<t  be 
supposed  to  have  run  up  hill,  if  they  be  considered  the  agents 
which  have  formed  these  gorges.  As  a  striking  example  of 
this  fact,  we  may  cite  the  course  of  the  Meuse  previous  to,  and 
during  its  traverse  through  the  Ardennes.  M.  Bobiaye  in- 
forms us,  that  previous  to  its  passage  through  these  moun- 
tains, the  Meuse  is  only  separated  from  the  great  basin  of  the 
Seine  by  hills  or  low  cob,  not  more  than  thirty  or  forty  yards 
above  the  present  bed  of  the  river;  while  the  Ardennes, 
tlirough  which  it  actually  passes,  rise  to  the  height  of  several 
hundred  feet  above  the  same  level.  Now,  if  all  rivers  had 
really  cut  the  beds  or  valleys  through  which  they  actually 
flow,  the  Meuse  must  have  run  up  hill,  and  have  cut  a  narrow 
channel  about  three  hundred  yards  deep  ;  while  nothing  pre- 
vented its  flowing  in  the  opposite  direction  into  the  Paris  basin, 
when  it  had  effected  a  rise  of  not  much  more  than  u  tenth  part 
of  that  heiglit*. 

At  Clifton,  near  Bristol,  we  have  also  a  striking  example 
of  the  same  fact.  The  Avon  here  runs  through  a  gorge  or 
ravine,  which  if  closed  would  form  a  lake  behind  it :  but  tbi» 
lake  would  exert  no  action  on  the  range  of  hill  through  which 
the  present  channel  passes;  on  the  contrary,  the  lowest  lip  of 
the  basin,  and  consequently  the  drainage,  would  be  found  in 
the  direction  of  Nailsea,  to  the  sea  beyond  which  the  Avon 
would  continue  its  course  from  Bristol.  The  real  rise  of  land 
between  high  water  at  Bristol  and  the  sea  beyond  Nailsea  is 
trifling,  and  is  boundetl  on  the  north  by  the  high  ridge  through 
which  the  Avon  now  finds  its  passage  to  the  Severn. 

M.  V.  Dechen  remarks  that  these  facts  can  nowhere  be 
better  observed  than  at  the  confluence  of  the  Nahe  ami  Rhine 
near  Bingen.  The  Nahe  flows  from  Kreutznach  to  Miinster 
and  Biidesheim  tii rough  a  broad  valley,  bounded  on  the  right 
by  low  limestone  hills.  It  then  traverses  the  slate  mountains 
tlirough  a  narrow  detile,  while  the  broad  valley  continues 
Bouih-east  from  the  Rochusberg  by  Sponsheim  and  Okenheim 
to  the  great  valley  of  the  Rhine  at  Gaulsheim.  Nothing  can 
be  more  evident  ilian  that  the  Nahe  was  unable  to  cut  this 
defile  between  the  Rochusberg  and  the  heights  of  Weiler, 
while  such  a  broad  and  deep  channel  into  the  Rhine  presented 
itself  so  immediately  to  the  passage  of  the  watersf. 

Other  examples  might  easily  be  cited,  but  these  are  suffi- 
cient to  point  out  the  fact.  There  are  many  gorges  through 
which  rivers  pass,  the  formation  of  which  remains  question* 
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atilt;  from  our  ignorance  of  the  relative  levels  in  their  vicinity, 
autl  tliu<>  it  becomes  ditlicult  to  assign  them  any  particular 
origin.  Tbey  may  be  either  due  to  the  same  causes  which 
bave  produced  die  ravines  of  the  Meuse  in  the  Ardennes,  and 
of  the  Avon  near  Bristol,  or  to  the  cutting  power  of  rivers 
discharging  the  surplus  waters  of  lakes.  Under  this  head 
may  l>e  enumerated  the  celebrated  Vole  of  Tempe,  in  Tlies- 
saly;  the  tortuous  course  of  the  Wye,  between  Monmouth 
and  Chepstow ;  the  famous  llheingau ;  the  ravine  by  which 
the  Potomack  traverses  the  Blue  Mountains  in  the  United 
States ;  llic  Gates  of  Iron,  through  which  the  Danube  escapes 
into  Wallacbia;  &c. 

Tl)e  Falls  of  Niagara  may  be  adduced  as  an  example  of  a 
river  discharging  the  surplus  waters  of  a  kke,  and  now  cutting 
back  a  gorge  to  that  lake,  wliich  may  eventually  be  drained 
by  it.  This  celebrated  catai'act  is  situated  between  the  lakes 
Ontario  and  Erie-  For  some  distance  above  the  embouchure 
©f  the  river  into  the  former,  the  country  is  flat,  and  apparently 
'alluvial,  when  suddenly  a  plateau  rises  above  it  and  continues 
to  lake  Erie.  Over  this  plateau  the  surplus  waters  of  the 
latter  lake  have  taken  their  course,  and  appear  to  have  ori-' 
nnally  fallen  over  the  face  of  die  jilateau  fronting  lake  Ontario. 
By  decrees  they  have  cut  back  tlieir  passage  about  seven 
Biiles,  leaving  about  eighteen  more  to  be  worn  away  by  future 
ages.  When  diis  shall  have  been  accomplished,  the  gorge  or 
ravine  will  be  similar  to  those  previously  noticed.  The  man- 
ner in  which  the  river  cuts  its  passage  is  singular,  and  perhaps 
somewhat  different  from  what,  at  first  sight,  might  have  been 
expected.     It  will  be  best  explained  by  the  following  diagram. 

a  by  original  level  of  the  plateau  : 
a  hy  river  flowing  over  the  plateau, 
ami  falling  over  to  the  abyss  c, 
forming  tnc  cascade  h  c,  after 
which  the  waters  take  their  course 
in  the  direction  eg :  d,  beds  of 
limestone  resting  on  beds  of  shale 
f,  both  being  surmounted,  in  die 
neighbouring  flat  country,  by  a 
uiuss  of  transported  substances,  varying  from  ten  to  one  hun- 
dred and  forty  feet  in  depth,  and  containing  large  blocks.  The 
rush  of  waters  from  h  to  c  occasions  violent  gusts  of  wind, 
diarged  with  water,  to  be  driven  against  the  shale  c  at  J",  The 
tontinued  action  of  these  water-charged  whirlwinds  displaces 
ilic  shale,  and  throws  it  down  in  a  talus  at  K-,  From  ilic  re- 
moval of  this  shale,  the  superincunihent  limestone  loses  its 
JupjMjrt,  falls  from  the  combined  gravity  of  itself  and  the  water 
above,  is  dashed  into  the  ab^ss  beneath,  and  thus  tlie  lulls  arc 


00 


Degradation  of  Land, 


cut  back  so  rapidly  that  they  have  considerably  receded  with^ 
the  memory  of  man.  The  same  operations  are  again  renewed, 
and  again  the  same  results  follow.  So  that  unless  some  extra- 
ordinary circumstance  should  arrest  their  retreat,  these  falls 
will  discharge  the  waters  of  lake  Erie;  but  not  suddenly,  as  is 
sometimes  supposed,  so  as  to  produce  a  violent  deluge  over 
the  lower  country  further  down  the  river,  but  niuch  more 
gradually  ;  for  the  lake  waters  will  only  be  lowered  in  propor- 
tion to  the  depth  of  the  draining  channel,  as  may  be  illustrated 
by  the  annexed  wood-cut,  in  which  a  b  represents  the  level  of 
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the  lake  and  of  the  plateau,  rising  but  little  above  it:  A  ^,  the 
slope  (exaggerated)  of  the  lake  bet!  from  A,  the  spot  where  the 
surplus  waters  are  delivered  over  the  plateau,  /'  h'  the  level  of 
the  river  below  the  falls.  Supposing^  g^  to  represent  the  falls 
which  have  approached  the  lake  by  grudunlly  cutting  back  the 
clmiinel  from /_/'  to^'-^'',  it  will  appear  that  the  same  kind  of 
retreat  may  be  effected  to  k  A'  without  discliarging  more  water 
than  now  passes  down  the  river.  But  the  falls  being  once  at 
h  k\  the  retreat  of  every  succeeding  yard  will  occasion  more 
water  to  pass  over  them,  by  draining  the  waters  of  the  lake 
down  to  the  point  which  now  becomes  its  lowest  lip;  so  that 
when  the  falls  have  cut  their  way  back  to  it',  the  surface  of  the 
lake  will  sink  to  the  horizontal  line  i  f,  and  the  mass  of  water 
above  the  new  level  will  have  passed  over  the  falls  in  addition 
to  the  usual  drainage.  Such  an  addition  must  add  greatly  to 
the  velocity  and  cutting  power  of  the  falls,  which  will  now  re- 
treat more  rapidly  and  effect  their  passage  to  kk',  reducing 
the  level  to  kd  in  less  time  than  it  reduced  it  from  a  U  to  ic. 
After  a  certain  time  the  water  forced  over  the  falls  would  bd«^| 
come  less,  because  the  superficies  of  the  lake  would  be  smailei^H 
if  it  were  not  for  the  diminished  evaporation  of  the  waters  sup- 
plying lake  Erie.  It  has  been  remarked  *  that  as  the  surface 
of  the  lake  became  less,  the  waters  carried  off  by  evaporation 
would  also  decrease,  and  that  consequently  a  greater  body  of 
water  would  be  carried  over  the  falls  of  Niagara,  thus  accele- 
rating their  retrograde  movement.  Such  would  no  doubt  be 
the  effect  of  the  union  of  the  streams,  now  supplying  lake  Erie, 
into  one  considerable  river,  without  being  exposed  to  that 
great  evaporation  which  they  now  suffer  in  the  lake;  but  this 
Would  by  no  means  assist  in  producing  a  debacle  or  deluge 

•  L^ell,  Principles  of  Geology,  2nd  ed.  vol.  i.  p.  209. 
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>in  the  supposed  sudden  discharge  of  the  waters  of  lake 
I^Erie.  Tlie  addition  to  tlie  waters  passing  over  the  falls  of 
I  Niagara  could  only  take  place  as  the  superficies  of  the  lake 
I  became  less  from  the  gradual  drainage  ot  lake  Erie  above  no- 
^ticed,  and  consequently  the  additional  force  could  only  come 
ito  action  and  increase  in  intensity  in  proportion  as  the 
3ssibility  of  a  sudden  discharge  of  waters  would  become  less, 
•"inally,  from  the  operation  of  these  various  causes,  a  river, 
|fcd  by  a  prolongation  of  the  streams  now  discharging  them-' 
[selves  into  lake  Erie,  would  traverse  the  ancient  bed  of  the 
lake^  and  run  through  the  ravine,  cut  by  the  falls  of  Niagara, 
into  lake  Ontario. 

The  waters  of  a  lake  with  a  rocky  barrier  can  only  be  sud- 
denly let  out,  and  produce  a  debacle,  when  the  hard  barrier 
separating  it  from  the  land  at  a  lower  level  presents  a  perpen- 
dicular face  to  the  whole  depth  of  the  lake,  which,  even  then, 
must  be  suddenly  thrown  down,  in  its  whole  height,  to  pro- 
duce the  effect  required.  Such  rocky  barriers  must  be  ex- 
ceedingly rare;  and  it  must  be  still  more  rare,  that  where 
tbey  existed  they  were  not  cut  down,  to  a  certain  extent,  by 
degrees.  The  common  character  of  lakes,  as  respects  the 
inclination  from  their  bottoms  to  the  discharging  outlet,  varies 
materially,  but  in  general  the  slope  is  very  gradual,  particu- 
larly in  lakes  of  considerable  magnitude. 

The  olten  cited  debacle  caused  by  the  bursting  of  a  lake  in 
tlie  Val  de  Bagnes  was  produced  from   a  very  different  state 
of  things  from  that  attending  the  drainage  of  a  lake  existing 
I  in  a  depression  of  land,  with  a  rocky  barrier. 

The   Val   de  Bagnes,    in   the   Valluis,  is  drained  by  the 
iDranse,  which,  when  unobstructed,  is  joined  by  the  waters 
from  the  valley  of  Entremont,  leading  to  the  Grand  St.  Ber- 
nard,   and    runs   into    the  great  valley  of  the   Rhone,    near 
Martigny.     In  a  part  of  the  valley  near  die  bridge  of  Mau- 
voisin,  tlie  channel  is  preci|)itous  and  much  contracted.  Mont 
Pleureur  and  Mont  Getroz  rise  near  this  spot  on  the  nordi, 
and  Mont  Mauvoisin  on  the  south.     Between  the  two  former 
there  is  a  ravine  communicating  with  the  Val  de  Bagnes,  hav- 
ing a  considerable  glacier  at  its  upper  extremity.     Through 
this  ravine  blocks  of  ice  and  avalanches  of  snow  descend  into 
the  Val  de  Bagnes,  and  more  or  less  obstruct  the  channel 
of  the  Dranse,  which  is  able,  under  ordinary  circumstances, 
to  remove  the  greater  part,  if  not  the  whole,  of  such  ob- 
itructions.      When   however   the   blocks  of  ice  are  nume- 
rous, and  the  avalanches  are   heavy,  the  force  of  the  tor- 
rent is  unable  to  contend  with  them,  and  they  accumulate. 
"For  several  years  previous  to  1818,"  says  M.  Escher  de 
la  Linth,  ♦•  the   progiess  of  the    Dranse  had  begun  to  l>e 
obstructed  by  tlie  blocks  of  ice  and  avalanches  of  snow  lliat 
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descended  tVoni  the  olacicr  of  Getroz ;  and  as  soon  rs  tl' 
accninulatioii   was  able  to  resist  the  heats  uf  summer,  it 
quired  new  magnitude  during  every  succeeding  winter,  till 
became  an  homogeneous  mass  of  ice  of  a  conical  form.     Tl 
waters  of  the  Dranse,  however,  still  found  their  way  beneal 
the  icy  cone  till  the  month  of  April,  when  they  were  observt 
to  have  been  dammed  up,  and  to  have  formed  a  lake  about 
half  a  league  in  length*. 

The  danger  that  threatened  now  became  apparent,  and  ac- 
cordingly the  gradual  drainage  of  the  lake  was  attempted 
means  of  a  gallery  through  the  ice.  Tliis  reduced  its  coiiteni 
from  about  800,000,000  cubic  feet  to  .5JJO,000,000  cubic  feeL 
Fiinally,  the  discharging  waters  attacked  the  debris  at  the 
foot  of  Mauvoisin,  and  excavating  a  passage  between  the 
rocks  and  the  ice,  rushed  furiously  out,  carrying  house 
trees,  large  blocks  of  rock,  &c.  before  it.  Escaping  from 
the  narrow  valley  it  desolated  a  large  portion  of  Martigny 
and  passed  with  gradually  diminished  velocity  down  th4 
Rhone  into  the  lake  of  Geneva.  As  might  be  expected,  the 
velocity  of  the  torrent  varied  materially  in  diflerent  parts  of 
its  course.  M.  Eschcr  de  la  Linth  calculates  that  from  the 
glacier  to  Lc  Chable,  a  distance  of  70,000  feet,  the  velocity 
was  S3  feet  per  second  ;  from  Le  Chable  to  Martigny,  60,000 
feet,  at  the  rate  of  1 8  feet ;  from  Martigny  to  St.  Maurice, 
30,000  feet,  at  1  U  ;  and  from  St,  Maurice  to  the  lake  of 
Geneva,  80,000  feet,  with  a  diminished  velocity  of  6  feet 
per  second  %,     The  lake  was  drained  in  half  an  hour. 

As  has  been  noticed  by  Mr.  Yates  $,  lakes  are  produced  in 
mountainous  countries  by  the  fall  of  rocky  masses  across  nar- 
row valleys,  the  waters  being  thus  arrested  in  their  progress 
down  such  valleys.  Mr.  YiJtes  cites  the  Oschenen-see  in  the 
canton  of  Berne,  as  a  gootl  example  of  lakes  tlius  formed  %  \ 
and  M.  De  Caspar  in  mentions  a  recent  example  (November, 
1829)  of  the  formation  of  such  a  lake,  in  the  department  of 
the  Drome,  by  the  fall  of  a  mountain  mass  across  the  river 
Oule  near  Lamothe  Chalancon.  The  lake  produced  in  the 
latter  case  was  500  or  600  yards  long,  60  broad,  and  3  or  4 
yards  deep  11 .  It  will  be  obvious  that  the  possibility  of  the 
sudden  discharge  of  waters,  thus  pent  up,  will  depend  upon 
the  nature  of  the  materials  composing  the  dam  or  barrier :  if 


•  Edin,  Pliil.  Joiini.  vol.  i.  p.  188. 

f  Among  the  debri»  transported  to  Mnrtfpny  were  many  trees,  resting 
upright  on  their  roots,  the  attached  grnvel  and  soil  having  kept  them  in  • 
position  with  tlie  branches  upwards. 

:  Edin.  Phil.  Journ.  vol.  i.  p.  191. 

j  Yates,  Remarks  on  Alluvial  Deposits,  Edin.  New  Phil.  Joumalt  July, 
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II  De  Oosparin,  Ann.  de«  ScL  NbI.,  Avril  1830. 
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such  a  form,  quality,  and  mngniliule,  llint  the 
of  water  is  unable  to  overcome  their  resistance,  and  that 
ey  do  not  give  way  before  the  cutting  power  of  the  surplus 
alers  discharged  over  tlie  lower  lip  of  the  dam,  the  barrici 
Ul  reroiiin,  adn  be  clothed  with  wood  and  other  vegetation, 
that  of  the  Oschenen-see  now  is.     Should,  however,  the 
be  composed  of  soft  materials,  which  might  either  sud- 
ly  give  way  before  the  force  of  the  pent-up  water,  or  bo^J 
pidiy  cut  down  when  a  discharge  of  the  surplus  water  toolrf 
iace,  a  debacle  somewhat  analogous  to  that  of  the  Val   de] 
agnes  might  be  produced,  the  effects  of  which  would  de- 
ud  upon  the  botly  of  waters  let  out,  the  suddenness  witli 
which   this  was  accomplished,    and  other  obvious  circum- 
stances • . 

Lakes  may  be  suddenly  drained,  if  but  a  thin  perpendicular, 
rtition  divides  them  from  an  inferior  level ;  for  this  barrier 
maybe  rendered  soft  by  the  percolation  of  water,  and  suddenly 
give  way :  but  sucli  cases  nnist  be  of  very  rare  occurrence ; 
d  the  lakes  are  not  likely  to  be  of  such  magnitude  as  to  cause 
arances,  by  their  sudden  discharge,  that  may  be  equal 
those  producible  by  the  passage  of  a  more  general  mass  of 
aters  over  land. 

Mr.  Strangways  notices  the  bursting,  or  sudden  consider- 
able drainage,  of  the  lake  Souvando,  on  the  north  of  St.  Pe- 
tersburg. Previous  to  1818  this  lake  was  separated  from 
ibat  of  Ladoga  by  the  little  isthmus  of  Taipala.  The  lake 
barged  its  waters  into  the  Voxa  at  Keognemy,  and 
cd  into  the  Ladoga  at  Kcxholm.  In  the  spring  of  1818^ 
Ihe  water  broke  down  the  isthmus  and  changed  the  direction 
'ef  the  discharging  waters,  by  presenting  a  lower  lip  in  an- 
other direction.  The  water  has  been  lowered  considerably, 
and  continues  to  run  through  its  new  channel  into  the  lake  of 
Ladoga,  having  deserted  ilie  Voxaf. 

The  same  author  describes  the  falls  or  rapids  of  Imatra, 
about  six  wersts  below  the  point  where  the  surplus  waters  of 
the  lake  Saima  first  drain  off  by  the  Voxa.  This  river  sud- 
dealy  contracts  itself  above  the  rapids,  over  which  it  runs, 
with  great  noise  and  impetuosity,  through  a  gorge  that  it  has 
evidently  cut  for  itself.     According  to  Mr.  Strangways,  we 
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•  The  same  observations  apply  to  those  cases  also  noticed  by  Mr.  Yates, 
in  the  memoir  above  cited,  wliere  from  various  circumstances  u  toru'iit  may 
Winif  with  it  from  n  transverse  or  tributary  valley  sucli  a  mass  of  detritus 
u>to  tlie  main  valley,  as  to  arrest  the  progress  of  water  flowing  down  it.  In 
ll>«e  dues,  however,  the  barrier,  from  the  natiue  of  thing."!,  is  not  likely 
^  be  permanent,  but,  on  the  contrary,  to  he  removeable  wiili  greater  or 

j  leu  rapidity  by  the  main  river  or  torrent. 

L  t  Sliaogwsys,  GeoL  Trans.  First  Scries,  vol.  v.  p.  344. 
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may  consider  the  water  to  have  orijjriniilly  passed  over  a  plat- 
form between  two  ranges  of  hills,  forming  the  bottom  of  a 
valley.  The  platform  is  composed  of  gneiss,  in  very  highly 
inclined  strata  ;  and  into  this  the  river  has  cut  a  channel. 
"  The  surface  of  this  platform  is  apparently  now  about  fifty 
feet  above  the  level  of  the  water,  at  the  lower  extremity  of  the 
rapids.  Its  surface  is  in  many  parts  quite  bare  and  deeply 
channelled  in  a  direction  parallel  lo  the  river.  It  is  covered 
with  heaps  of  pebbles  and  boulders  of  great  size,  some  of  which 
are  hollowed  and  scooped  into  the  most  fanciful  shapes.  One 
of  the  largest  of  the  blocks  now  left  dry,  standing  nearly  in  the 
middle  of  the  elevated  platform,  is  worn  through  perpendicu- 
larly with  a  cylindrical  hole*."  It  is  stated  that  the  level  of 
the  lake  Satma  and  its  discharging  river  fall  gradually. 

Freshets. — These  take  place,  more  or  less,  in  all  rivers, 
greatly  augmenting  their  velocities  and  transporting  power, 
carrying  forward  substances  that  could  not  have  been  moved 
under  ordinary  circumstances.  They  are  also  important,  as 
they  surprise  terrestrial  animals  in  low  situations,  hurry  them 
on  with  trees  and  other  matters  into  the  sea,  where  ihey  may 
be  entombed  entire  witli  estuary  and  marine  animals  in  mud 
and  silt. 

It  has  been  observed  that,  during  freshets,  a  river  tends 
chiefly  to  widen  its  bed,  "  without  greatly  deepening  it :  for  the 
aquatic  plants,  which  have  been  growing  and  thriving  during  the 
peaceable  state  of  the  river,  are  now  laid  along,  but  not  swept 
away,  by  the  freshes,  and  protect  the  bottom  from  their  at- 
tacks; and  the  stones  and  gravel,  which  must  have  been  left 
bare  in  a  course  of  years,  working  on  the  soil,  will  also  col- 
lect in  the  bottom,  and  greatly  augment  its  power  ol'  resist- 
ancef ."  During  these  freshes,  low  lands  on  the  sides  of  the 
river  are  frequently  under  water,  and  a  deposit  takes  pl.ice ; 
but  notwithstanding  all  checks,  a  large  quantity  of  detritus 
passes  onwards  to  the  sea. 

We  should  be  careful,  in  our  estimates  of  the  effects  of  a 
flood  in  a  cultivated  country,  not  only  to  separate  the  loss  of 
lives  and  the  destruction  of  property,  which  may  affect  the 
feelings,  from  the  real  physical  change  produced  in  th«« 
country;  but  also  to  remember,  that  the  works  of  man  greatlV/ 
aid  the  destructive  power  of  a  flood.  Instead  of  a  body  ol? 
water  rushing  into  a  plain,  where  from  its  diffusion  over  a! 
more  considerable  space  its  velocity  and  transporting  power 
are  both  diminished,  all  cross  hedges  and  bridges,  though 
tiiey  may  check  the  waters  for  the  moment,  are  the  means  of 


•  Strangways,  Geol.  Traas.  First  Series,  vol.  v.  p.  341. 
f  Encyc.  Brit.  art.  Bicer. 
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jng  innumerable  debacles,  when  they  give  way  before 
tihe  pressure  exerted  upon  them.  Suppose  a  bridge  arrests 
itbe  progress  of  the  flood  downwards,  and,  as  very  frequently 
[happens  on  small  plains,  a  causeway  connects  the  bridge  with 
I  the  bills  on  either  side,  the  waters  will  accumulate,  and  will 
finally  burst  through  the  least  resisting  part  of  the  barrier, 
which  will  most  probabl}'  be  the  bridgCi.     Having  once  found 

I  a  rent,  the  pent-up  waters  will  issue  forth  with  a  velocity  pro- 
portioned to  the  difforence  of  the  level  and  the  nniss  of  water, 
sod  a  debacle  will  be  produced,  whose  transporting  power 
will  be   much  greater  than   that  of  the  general  force  of  the 
floo<l  if  no  such  barrier  bad  existed.     It  must  also  be  recol- 
lected, tliat  man,  by  his  contrivances  of  ditches  and  drains, 
prevents  the  rain-water  i'rom  rL'tnaining  the  time  that  it  would 
^otherwise  do  on  the  slopes  of  hills,  conducting  it  as  he  does 
)y  numerous  free  channels  into  the  valleys  below ;  so  that,  in 
given  time,  a  much  greater  boily  of  water  is  collected  than 
juld  happen  in  an  uncultivated  couiTtry.     He  moreover,  by 
IS  and  banks,  often  confines  a  body  of  river  water  within 
narrower  channels  than  it  would  naturally  take;  and  thus  its 
spersion  over   a  larger  surface  being  prevented  during  a 
shet,  its  ordinary  velocity  is  greatly  increased,  and  with 
lis  its  transporting  power. 

Glaciers. — These  are  large  bodies  of  ice  or  indurated  snow, 
armed   upon   land   in  the  cold   regions  of  tlie  atmosphere, 
jlrhicb   descend   into  the  valleys  of  mountainous  countries; 
[thus  frequently  presenting  the  singular  appearance  of  deso- 
'fttion  amid  fertility,  of  ice  amid  vegetation.     'I'he  levels  to 
lubich  glaciers  descend  depend  greatly  on  the  latitude  of  the 
IpUce.     Thus,  in  the  arctic  regions,  where  the  line  of  perpe- 
jtual  snow  approaches  very  nearly  to  the  level  of  the  sea,  gla- 
ciers are  produced  in  lower  hills  than  could  be  the  case  in 
the   Alps,  where  the  line  of  perpetual  congelation   is  much 
more  elevated.     So  again  in  the  Himalaya  range  the  line  of 
perpetual  congelation  being  higher  than  in  the  Al})s,  the  gla- 
ciers form  at  higher  levels.     Glaciers  are  instruments  of  the 
degradation  of  litnd,  inasmuch  as  they  drive  before  them  and 
[transport  such  substances  as  they  may  have  the  power  to  move. 
In  front  of  glaciers  there  is  usually  a  pile  of  rubbish  composed 
(of  pieces  of  rock,  earth,  and  trees,  which   they  have  forced 
ibrward,  known  in  Switzerland   by  the  name  of  moraine.     If 
there  be  a  line  of  moraine  some  distance  froin  the  front  of  the 
glacier,  it  is  considered  that  the  glacier  has  retreated  to  the 
Mnount  of  that  distance ;  but  if  tnere  be  no  other  than  that 
which  the  glacier  immediately  drives  before  it,  it  is  considered 
to  be  on  the  increase.    Glaciers  assist  the  degradation  of  land 
by  transporting  blocks,  often  of  very  large  dimensions,  into 
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lower  r^ions  than  they  could  otlierwise  attain  in  so  short  a 
lime.  Many  glaciers,  particularly  where  they  pass  beneath 
precipices,  are  charged  with  fallen  rubbish,  which,  as  the  ice 
constantly  advances,  are  carried  on  wild  it;  and  should  a  pre- 
cipice occur  in  the  Cront  of  the  moving  mass,  they  are  hurled 
over  with  it  into  the  ravines  beneath.  Such  falls  are  common 
in  the  h\»U  regions  of  tl»e  Afps,  producing,  with  the  rents 
suddenly  formed  in  the  glacier  itself,  the  few  interruptions  to 
the  dead  silence  which  reigns  in  those  lofty  and  wild  regions. 
The  velocity  with  which  a  glacier  advances  depends  on  the 
angle  that  it  makes  with  the  horizon,  of  course  increasing  with 
the  steepness  of  the  declivity. 

A  ladder,  left  by  M.  de  Saussure  at  the  upper  end  of  a 
glacier,  when  he  first  visited  the  Col  du  G^ant,  has  lately 
been  discovered  in  the  Mer  de  Glace,  the  contiimation  of  the 
same  glacier,  and  nearly  opposite  the  aiguille  named  Le  Moine. 
It  must  therefore  have  advanced  about  three  leagues  since  tlie 
year  1787*.  From  some  experiments  by  Chamonix  guides, 
mentioned  by  Capt.  Sherwill,  we  leani  thai  this  rapid  pro- 
gress ceases,  as  might  have  been  expected,  where  the  decli- 
vity becomes  less  in  the  Mer  de  Glace  itself;  for  it  was  there 
found  that  a  block  of  rock  advanced  about  two  hundred  yards 
in  a  twelvemonthf .  No  better  proofs  could  be  afforded  of 
the  advance  of  a  glacier,  the  amount  of  which  corresponds 
with  the  declivity.  It  hence  appears  to  ibilow,  that  as  the 
declivity  remains  nearly  the  same  for  a  long  period,  the  ad- 
vance or  retreat  of  the  lower  part  of  a  glacier  will  correspond 
with  the  local  variations  in  climate,  which  shall  produce  more 
or  less  ice  in  the  higher,  or  destroy  more  or  less  of  the  glacier 
in  the  lower  regions. 

Almost  ai!  glacier  waters  are  charged  with  detritus,  the 
larger  portions  of  which  are  deposited  near  tlic  ice,  but  tlie 
lighter  particles  are  transported  to  considerable  distances ;  as 
is,  for  example,  the  case  with  the  Arve,  which  having  depo- 
sited its  heavier  burden  in  the  valley  of  Chamonix,  carries 
the  lighter  parts  to  its  junction  with  the  Rhone,  near  Geneva, 
Not  unfrequently  the  turbid  glacier  waters  are  carried  on, 
and  deposit  the  detritus  in  some  lake,  as  is  the  case  with  the 
Rhone,  which  transports  silt,  mud,  and  occasionally  pebbles, 
into  the  lake  of  Geneva.  The  grinding  of  the  glacier  against 
the  bottom  over  which  it  passes,  may  perhaps  mechanically 
assist  in  the  work  of  destruction. 

In  the  northern  regions  glaciers  have  sometimes  such  a 
short  distance  to  pass  over  before  they  reach  the  sea,  that 
they  project  into  it,  as  has  been  observed  by  northern  navi- 
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.:>rs>     The  mass  so  forced  into  ihe  sea  will  have  a  constant 
_jdency  to  float,  from  its  inferior  specific  gravitVt  and  there- 
ore  when  detached  by  any  force  from  the  glacier  behind,  it 
. jrill  be  carried  away; — thus,  forming  those  icebergs,  so  well 
Eknown  and  so  dangerous,  in  the  Northern  Atlantic  Ocean. 

Delivery  of  Detritus  into  the  Sea. 

We  have  seen  above,  that  from  the  action  of  the  atroO'" 
I  sphere,  the  melting  of  snows  and  glaciers,  landslips,  and  the 
cutting  power  of  rivers,  considerable  destruction  of  dry  land 
is  effected.    Local  circumstances  arrest  a  considerable  portion 
of  thii  detritus;  lakes  are  filled  up,  and  again  cut  through; 
low  lands  are  occasionally  flooded,  and  considerable  deposits 
lefl  upon  them ;  the  velocity  of  the  streams  diminishes,  and 
with  it  the  power  of  transport ;  so  that,  as  previously  observed, 
rivers  when  short  and  rapid  may  carry  a  large  portion  of  their 
detritus  forward,  while,  when  long,  they  leave  a  considerable 
part  of  it  in  their  courses.     In  favourable  situations^  such  as 
lin  plains,  they  will  raise  their  beds,  if  confined  within  bounds, 
I  that  donot  either  permit  a  change  of  course,  or  a  deposit  in 
\n.  new  channel.     This  fact  is  well  observed  in  Italy,  where 
many  plains  have  been  under  cultivation  for  a  long  period, 
during  which  it  was  always  necessary  to  restrain  the  rivers 
I  within  artificial  banks,  to  prevent  their  range  over  the  culti- 
Ivated  land,  which  would  otherwise  have  been  devastated  by 
them;  so  that,  in  travelling  in   that  country,  the  road  fre- 
iqnently  passes  up  hill,  over  high  artificial  ridges,  upon  which 
'the  rivers  hold  their  course  at  a  higher  level  than  that  of  the 
surrounding  country.     These  artificial  ridges  are  particularly 
Striking  on  the  little  plain  of  Nice,  which  has  been  under  cul- 
tivation since  the  country  was  settled  from  the  Phocaean  co- 
[lony  of  Marseilles.     The  height  of  the  latter  elevated  river- 
'  courses  is  not  only  due  to  their  antiquity,  but  to  the  loose 
nature  of  the  conglomerate  hills  behind,  which  permits  an 
Letwr  transport  of  the  pebbles. 

I     The  annexed  diagram  will  illustrate  Pig-  la- 

this fact :  a  i,  the  level  of  the  country,  ^ 

DOW  cultivated,  upon   \vhich  the  arti-    «--<_ 
ficial  banks  have  been  gradually  raised  ' 

to  c  df'wx  order  to  protect  the  cultivated  lands  from  being  in- 
vaded by  the  detritus  of  the  river  or  torrent  <*,  which  is  thus 
accumulated  from  y  to  e.  There  is  a  very  general  system  of 
endeavouring  to  check  this  accumulation,  and  consequent  rise 
of  bed,  by  throwing,  when  the  waters  are  low,  the  transported 
detritus  out  of  the  oed  <r,  upon  the  protecting  banks  c  d. 
The  Po  affords  a  well-known  example  of  this  rise  of  bed, 
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■o  UiAt  it  becomes  higher  than  the  hoases  in  the  city  of  Fer- 
rare.  In  Holland  also  the  same  phaenomenon  is  observable, 
though  not  on  so  great  a  scale;  and  may  always  be  expected 
where  artificial  banks  prevent  detritus-bearing  rivers  from 
cbAnging  their  beds  on  plains. 

Although  rivers,  in  certain  situations,  raise  tlieir  beds,  in 
others  they  deepen  them.  This  arises  from  two  or  more 
streams  uniting  into  one  river,  when  the  water  does  not  expose 
a  surface  equal  to  the  two  previous  surfaces,  but  one  very 
considerably  less,  the  action  of  the  united  waters  being  to 
deepen  their  channel ;  so  that  even  with  a  diminished  general 
inclination  of  the  bed,  the  velocity  continues  the  same,  or  is 
even  increased. 

This  deepening  of  beds  by  the  union  of  rivers  is  well  ex- 
hibited by  the  following  facts  observed  in  the  Po : — 

"  About  the  year  1600,  the  waters  of  the  Panaro,  a  very  con- 
siderable river,  were  added  to  the  Po  Grande;  and  although 
it  brings  along  with  it  in  its  freshes  a  vast  quantity  of  sand 
and  mud,  it  has  greatly  deepened  the  whole  Tronco  di  Venezia 
from  the  confluence  to  the  sea.  This  point  was  clearly  ascer- 
tained by  Manfredi  about  the  year  1720,  when  the  inhabitants 
of  the  valleys  adjacent  were  alarmed  by  the  project  of  bring- 
ing in  the  waters  of  the  llheno,  which  then  ran  through  the 
Ferrarese.  Their  fears  were  overcome,  and  the  Po  Grande 
continues  to  deepen  its  channel  every  day  witli  a  prodigious 
advantage  to  the  navigations ;  and  there  are  several  extensive 
marshes  which  now  drain  off  by  it,  after  having  been  for  ages 
under  water :  and  it  is  to  be  particularly  remarked,  that  the 
Rheno  is  the  foulest  river  in  its  freshes  of  any  river  in  that 
country*." 

It  might  be  supposed  that  all  rivers  would,  by  means  of 
freshes,  propel  pebbles  into  the  sea.  They  certainly  accom- 
plish by  these  means  a  greater  transport  than  could  be  effected 
m  the  same  channels  under  ordinary  circumstances;  but 
during  freshes  rivers  can  only  be  considered  as  of  greater 
magnitude,  and  are  therefore  still  subject  to  the  general  laws 
of  rivers;  a  greater  body  of  water  tending  to  deepen  the 
channel;  the  velocities,  inclinations  of  beds,  and  the  power  of 
transport  still  being  in  proportion  to  each  other. 

In  the  beds  of  torrents,  dry,  or  nearly  dry,  for  the  greater 

gart  of  the  year,  we  see  examples  of  the  deepening  of  river 
eds  in  proportion  to  the  volume  of  water  which  passes  through 
them,  to  the  inclination  of  the  beds,  and  to  the  resisting  power 
of  tlie  bottoms  and  sides.  The  transport  of  detritus  will  also 
be  observed  greater  or  less  in  proportion  lo  these  circum- 
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^mjces :  the  finer  particles  being  more  easy  of  trans|iort,  there 
are  few  rivers  which,  tluring  freshes,  do  not  convey  a  great 
quantity  of  such  detritus  into  the  sea:  other  kinds  of  detritus 
vill  be  also  transported,  if  levels  permit ;  if  not,  they  remain 
in  the  interior.  Consetjuenlly,  according  to  the  circumstances 
already  noticed  will  be  the  nature  of  the  detritus  conveyed  to 
the  mouths  of  rivers.  But  as  circumstances  vary  in  the  same 
river,  a  deposit  of  such  detritus  iti  these  situations  also  varies, 
and  there  may  be  alternations  of  clay  or  marl,  and  of  sand  or 
gravel. 

If  the  mouths  of  rivers  be  tidal,  the  river  detritus  is  com- 
mitted to  the  charge  of  the  estuary  tides,  and  is  dealt  with 
according  to  the  laws  by  which  these  are  governed.  If  they 
be  tideless,  the  whole  mass  of  transported  matter  will  be  pro- 
pelled without  check  into  the  seas  at  the  embouchures.  Be- 
tween the  extremes  of  great  resistance  and  non-resistance  the 
Variations  are  so  great  and  depend  so  much  on  local  circum- 
i^tances,  as  to  be  of  exceedingly  difficult  classification.  The 
principal  variations  are  produced  by  the  difference  in  the 
Tulume  of  the  discharging  rivers,  their  velocities,  and  the 
quantity  and  quality  of  the  substances  they  may  transport. 
As  a  general  fact»  however,  it  may  be  staled  that  rivers  tend 
lo  form  deltiis  in  tideless,  or  nearly  tideless,  seas,  or  where 
they  can  overcome  the  resistance  of  tides,  currents,  and  the 
destructive  action  of  the  breakers ;  thus  increasing  the  land 
by  their  deposit,  and  splitting  into  several  channels;  the  su- 
perficial increase  being  in  proportion  to  the  depth  of  water 
into  which  the  rivers  discharge  themselves. 

In  calculations  of  the  advanceof  deltas,  care  has  not  always 
been  taken  to  show  the  general  depth  of  water  into  which 
ibcy  may  have  been  protruded  ;  so  that  a  less  quantity  of 
transported  detritus  might  expose  a  larger  surface  when 
thrown  on  a  shallow  bottom,  than  a  larger  quantity  in  deeper 
water. 

The  Nile,  Danube,  Volga,  Rhone,  and  Po,  afford  us  ex- 
amples of  deltas  thrown  forward  into  seas,  which  may?  in 
common  terms,  be  called  tideless.  As  the  Nile  receives  little 
atmospheric  water  from  Egypt,  on  which  rain  seldom  fulls, 
llie  detritus  which  it  brings  down  must  be  principally  derived 
from  above.  This  river  begins  to  rise  in  June,  attains  its 
maximum  of  height — namely,  twenty-four  or  twenty-eight 
Kwt — ill  August,  and  then  falls  till  the  next  May.  Daring  a 
succession  of  ages,  the  Nile  has  transported  a  great  mass  of 
detritus  into  the  Mediterranean,  which  has  accumulated  in  a 
deltti  at  the  mouth,  and  is  constantly  on  tiie  increase.  It  haaj 
been  calculated,  that,  as  the  sea  deepens  al  the  rate  tif  a  fatliom 
ia  a  mile,  and  supiwsing  tlml  the  dei>uiiit  !!>  the  same  as  in  llic 
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T^ebais,  the  addition  would  amount  to  a  mile  and  a  que 
since  the  time  of  Herodotus.  According  to  Girard,  the  Nil 
has  raised  the  surface  of  Up|ier  Egypt  about  six  feet  four 
inches  since  the  commencement  of  the  Christian  aera.  The^^ 
quantity  of  water  discharged  per  annum  by  this  river  is  est«^| 
mated  at  250  times  that  of  the  Thames*.  The  deUa  i*^* 
traversed  by  two  irnin  streams,  which  separate  a  few  miJes  be- 
low Cairo ;  "6,  -Pw-scending  to  Rosetta,  the  otlier  to  Damietta. 
The  pres' ^"Ssition  of  the  latter  city  lias  led  to  very  exag- 
gerated ',y  Wpectinc;  the  rapid  increase  of  this  delta.  It 
was  SI-  .  \ki  that  the  present  town  was  the  same  with  that 
which  ^j'uring  the  first  crusade  of  St.  Louis  was  situated  on 
the  sea.  Now,  as  Damietta  is  two  leagues  from  the  sea,  it 
was  calculated  that  this  distance  had  been  produced  by  de- 
posits from  the  Nile  wtiliin  about  600  years.  It  now,  how« 
ever,  appears,  from  the  labours  of  M.  Renaud,  that  after  tbi 
departure  of  St.  Louis,  the  Egyptian  Emirs,  wishing  to  pre- 
vent a  new  invasion  on  the  same  side,  destroyed  Damietta, 
and  founded  a  new  city  in  the  interior,  the  present  Daraiettaf. 
From  the  effect  of  tlie  waves  and  currents,  banks  are  thrown 
up  on  the  outer  etlge  of  the  delta,  forming  lakes,  of  which 
those  of  Menzalei),  Bourlos,  and  thuL  behind  Alexandria,  ai 
the  largest. 

The  delta  of  tlie  Po  advances  at  a  rapid  rate,  in  consequence 
of  the  shallow  sea  into  which  it  is  protruded.  We  are  indebted 
to  M.  Prony  for  a  very  interesting  en!  lection  of  facts,  which 
authorize  him  to  conclude,  **  First,  that  at  some  ancient  period, 
the  precise  date  of  which  cannot  now  be  ascertained,  the  waves 
of  tlie  Adriatic  wu^hetl  the  walls  of  Adria.  Secondly,  that  in 
the  twelfth  century,  before  a  passage  had  been  opened  for  the 
Po  at  Ficarrolo,  on  its  left  or  northern  bank,  tlie  shore  had 
already  been  removed  to  the  distance  of  nine  or  ten  thousand 
metres  from  Adria.  Thirdly,  that  the  extremities  of  the  pro- 
montories formed  by  the  two  principal  branches  of  the  Po, 
before  the  excavation  of  the  Taglio  di  Porto  Viro,  had  ex- 
tended by  the  year  1600,  or  in  four  hundred  years,  to  a 
medium  distance  of  18,500  metres  beyond  Adria;  giving  from 
the  year  1200  an  average  yearly  increase  of  the  alluvial  land 
of  25  metres.  Fourthly,  that  the  cxlreme  point  of  the  present 
single  promontory,  formed  by  the  alluvions  of  the  existing 
branches,  is  advanced  to  between  thirty-two  and  thirty-three 
thousand  metres  beyond  Adria;  whence  the  average  yearly  pro- 
gress is  about  seventy  metres  during  the  last  two  hundred  years, 
being  a  greatly  more  rapid  proportion  than  in  tbrmer  times  f.** 

•  Supplement  to  Encyc.  Brit.,  art.  P/ir/xicul  Geagruphy. 

t  Extraits  des  Historiuiis  Arabes  relatifs  aux  Gucrrcs  des  Croisades. 

X  Prony,  as  quoted  by  (Juvier.  Dis.  <ur  Ics  Ucv.  du  Cilabe. 
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The  Mississippi,  the  great  drain  of  so  lar^  a  portion  of 
_Jorth  America,  may  be  considered  as  delivering  its  waters 
into  a  nearly  tideless  sea.  Its  delta  is  very  considerable,  and 
little  raised  above  the  level  of  the  ocean.  During  the  greatest 
leights  of  flood,  the  fall  of  the  river  from  New  Orleans  to  the 
[tea,  a  distance  of  about  one  hundred  miles,  has  been  calculated 
lAt  only  one  inch  and  a  half  in  a  mile.  W**en  the  waters  are 
[low,  the  fall  is  scarcely  perceptible,  the  leve.-'iontfe  sea  being 
[then  nearly  that  of  the  river  at  New  Orleans*,  and  c 

This  river  affords  a  good  example  of  a  flooc  higher 

distance  from  the  embouchure  of  a  river  than  altus  i  tiouth 
';  for  the  rise  of  water,  during  the  great  freshets^  '.s  fifty 
[feet  at  Natchez,  three  hundred  and  eighty  miles  inland,  while 
at  New  Orleans  it  is  only  thirteen  f. 

Darby  has  furnished  us  with  a  mass  of  information  respect- 

g  a  Uirge  portion  of  the  Mississippi's  course,  and  of  its  delta, 

rom  whence  very  important  geological  information  may  be 

[obtained  %.     It  would  appear  that  the  Atchafalaya,  which  now, 

at  a  distance  of  about  two  hundred  and  fifty  miles  from  the 

Sea,  conducts  a  large  part  of  the  Mis«>issippi's  waters  into  the 

[Gulf  of  Mexico,  did  not  always  form  a  drain  from  that  river, 

[but  that  it  once  constituted  a  continuation  of  the  Red   River, 

ivhich  now  flows  into  the  Mississippi.   During  the  autumns  of 

[1807,   1808,   1809,  Mr.  Darby  had  frequent  opportunities  of 

lining  the  bed  of  the  Atchafalaya,  the  waters  in  which 

then  at  a  low  state.     He  ftmnd  that  "  the  upper  stratum 

llnvariably  consisted  of  a  blueish  clay  common  to  the  banks  of 

itbe  Mississippi.    This  is  usually  followed  by  a  stratum  of  red 

EOchreous  earth  peculiar  to  the  Red  River,  under  which  the 

;  day  of  the  Mississippi  was  again  to  be  perceived  §."   From 

ie  we  may  infer,  not  only  that  the  Red  River  flowed  through 

be  channel  of  the  Atchafalaya,  previous  to  the  present  course 

'  the  Mississippi,  but  that  the  latter  river  preceded  tlie  former, 

land  that  there  have  been  alternations. 

From  the  form  of  the  Mississippi,  where  the  Atchafalaya  de- 

[taches  itself,  an  immense  quantity  of  trees  brought  down  by 

[the  former  are  thrown  into  the  latter.     About  fitty-two  years 

jtuice,  these  trees  began  to  accumulate  and  form  the  "raft.'* 

[  •*  This  mass  of  timber  rises  and  falls  with  the  water  in  the 

I  river,  and  at  all  seasons  maintains  an  equal  elevation  above 

the  surface.     The  tales  that  have  been  narrated  respecting  this 

pbaenomenon,  its  having  timber  of  large  size,  and  in  many 

places  being  compact  enough  for  horses  to  pass,  are  entirely 


•  Hair*  Travels  in  Nortli  America,  +  fhid. 

I  Darby 'i  Geographical  Descriptdoo  of  the  State  of  Louisiana. 
I  Ibid, 
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void  of  trutln  The  ruft  is,  in  fact,  subject  to  continual  change 
of  position,  whicJ),  superattding  its  lecert  formation,  ren- 
ders either  the  solidity  of  its  structure,  or  the  growth  of 
large  limber,  impossible.  Some  small  willows  and  otiier 
aquatic  bushes  are  frequently  seen  among  the  trees,  but  are  too 
olten  destroyed  by  the  shifting  of  the  mass  to  acquire  any  con- 
siderable sl/.e.  In  the  fall  season,  when  the  waters  are  low, 
the  surface  of  the  raft  is  perfectly  covered  by  the  most  beau- 
tiful flora,  whose  varied  dyes,  and  the  hum  of  the  honey-bee, 
seen  in  thousands,  conipeniiale  to  the  traveller  for  the  deep 
silence  and  lonely  appearance  of  nature  at  this  remote  spot*. 

Mr.  Darby  estimated  the  cubic  contents  of  the  raft,  from 
observations  made  in  1803,  at  286,784,000  cubic  feet,  consi- 
dering the  breadth  of  the  river  =  220  yards,  the  length  of  the 
raft  =10  miles,  and  the  depth  =  8  feet.  The  distance  be- 
tween the  extremities  of  the  raft  was  actuaUy  more  than  twenty 
miles;  but,  as  the  wiiole  distance  was  not  filled  up  by  timber, 
he  assumed  ten  miles  as  near  the  truth. 

Kafts  of  this  description,  but  of  less  size,  occur  in  other 
parts  of  the  Mississippi  or  its  great  tributaries.  The  banks  are 
destroyed  by  the  currents,  and  large  collections  of  trees  are 
suddenly  hurled  into  the  stream.  Captain  Hall  wns  present 
when  u  large  mass  of  earth,  loaded  widi  trees,  suddenly  fell 
into  the  Missouri,  and  a  larger  mass  bad  been  detached  a 
short  time  previous  to  his  arrival'h 

There  are  few  rivers  whose  course  is  more  instructive  than 
the  Mississippi,  as  man  has  not  yet  effected  many  changes  on 
its  banks;  and  we  thus  contemplate  great  natural  operations, 
such  as  cnimot  be  so  weU  observed  in  those  which  have  been 
more  or  less  under  his  dominion  for  a  series  of  ages.  Its  course 
is  so  long,  and  through  such  various  climates,  that  the  freshets 
or  floods  produceil  in  one  tributary  are  over  before  they  com- 
mence in  another:  hence  arise  those  frequent  deposits  of  de- 
tritus at  the  mouths  of  the  tributaries.  These  latter  have  their 
waters  forced  back,  and  rendered,  to  a  certain  distance,  stag- 
nant by  the  rush  of  the  flood  across  their  emhouchures,  and 
the  consequence  is  a  deposit,  which  rem.iins  until  the  annual 
floods  in  the  tributary  remove  it|.  When  the  Ohio  is  in 
flood,  it  stagnates  the  waters  of  the  Mississippi  for  many  leagues; 
when  the  Mississippi  is  in  flood,  it  dams  up  the  waters  of  the 
Ohio  for  seventy  miles ^ 

Darby  remarks  that  the  Mississippi,  in  its  long  course  from 

•  Darby  s  Geographicnl  Description  of  llic  SUI«  of  Loniiuana,  p.  65. 

t  Hall's  Travels  in  Nurtli  America. 

t  James,  Exp.  to  Rofk}'  Mountains. 

5  Hall's  Travels  in  North  Ampricft,  vol.  iiJ.  p.  370.  The  same  author 
nolicen  the  curious  mixture  of  the  Miuouri  water*  with  those  of  the  Missis- 
kippi,  the  fonner  charged  -with  detritus  and  wood,  the  latter  beautifully  clew. 


of  Detritus  into  the  Sea, 


73 


the  embouchure  of  the  Ohio  to  Baton  Rogue,  washes  the 
eastern  bluiTs,  wliich  it  tends  to  carry  away  and  destroy,  and 
tbai,  even  to  the  sea,  it  does  not  come  in  contact  with  the 
western  side  of  the  valley  through  which  it  flows.  He  at- 
tributes this,  with  great  probability,  to  tlie  deposits  brought 
down  by  the  great  tributaries,  wbicb  all  enter  the  Mississippi 
from  the  west,  and  thus  accumulate  detritus  on  that  side, 

Notwiihstandiiin;  the  general  tendency  of  the  river  to  the 
eastward,  innumerable  smaller  changes  oJ' channel  take  place. 
Thus  winding  courses  shorten  themselves,  by  cutting  through 
isthmuses,  the  tentlency  of  the  winding  currents  being  lo  de- 
stroy the  barriers  between  them,  as  may  be  observed  in  nume- 
rous rivers  flowing  through  plains.  New  obstacles  present 
themselves;  new  sinuosities  of  channel  are  produced;  trees 
growing  upon  old  alluvial  deposits  of  the  river  are  carried 
away ;  and  new  vegetation  springs  up  upon  the  recent  alluvium, 
to  be  again  removed  by  a  new  change  of  channel.  During 
tliese  various  minor  changes  of  bed,  the  degradation  of  the 
higher  lands  supplies  a  great  abundance  of  detritus,  which  not 
only  tends  to  raise  the  general  level  of  the  valley,  by  deposits 
over  the  low  lands  at  floods,  but  is  carried  forward  towards 
the  sea,  and  forms  an  ininien.se  della,  composed  of  clay,  mud, 
and  silt,  mixed  with  a  large  proportion  of  drifted  trees  and 
other  vegetable  substances. 

The  delta  is  divided  into  innumerable  lakes,  marshes,  and 
streams,  inhabited  by  a  multitude  of  alligators.  The  main 
stream  of  the  Mississippi  will  be  observed  to  project  forword, 
on  all  good  maps,  in  a  singular  manner.  The  detritus  brought 
down  by  it  produces  constant  alterations,  which  require  all 
liie  attention  of  the  pilots.  According  to  Captain  Hall,  mil- 
lions of  logs,  or  trunks  of  trees,  are  brought  down  during 
freshets,  and  c^irried  several  miles  into  the  sea,  so  that  it  is 
difficult  to  navigate  among  them.  When  not  carried  to  sea, 
these  logs  are  bound  together  by  a  kind  of  cane,  which  retards 
the  river  and  collccis  n»ud.  The  same  author  considers  "  that 
a  belt  of  uninhabitable  country,  from  fifty  to  one  hundred 
miles  in  width,  fringes  the  edge  of  the  whole  of  that  part  of 
the  coast*." 

It  has  been  supposed  that  the  mud  of  the  Mississippi,  sink- 
ing through  one  foot  of  water  in  an  hour,  would  be  carried  by 
the  Gulf  Stream  a  distance  of  fifteen  hundred  miles  before  it  fell 
lo  the  depth  of  five  hundred  feet,  estimating  the  velocity  of  the 
current  at  three  miles  per  hourf.  This  has  been  employed  as  an 
aij^tunent  in  favour  of  the  great  extent  over  which  river  de- 

•  Mall's  Travels  in  North  Aemricn,  vol.  iii.  p,  ."MO. 

t  Babbage,  Economy  of  Manufactures,  2nd  edition,  p.  51. 
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tritus  may  be  Iransported  ;  and  there  could  be  little  doubt  of 
the  correctness  of  the  calculation  it*  tlie  data  on  which  it  is 
founded  were  also  correct.  There  is,  however,  every  reason 
to  conclude  that  the  detritus  of  the  Mississippi  never  finds  its 
way  into  the  Gulf  Stream,  but  that  it  i«  deposited  on  the 
western  shores  of  Florida,  and  in  the  northern  portion  of  the 
Gulf  of  Mexico,  generally.  There  is  in  fact  no  current  to 
carry  the  detritus  of  the  Mississippi  into  the  Gulf  Stream,  as  is 
well  known  to  those  who  navigate  the  northern  portion  of  the 
Mexican  Gulf  The  waters,  moreover,  of  the  Gulf  Stream, 
even  so  far  southward  as  the  Florida  reefs,  are  among  the 
clearest  of  sea  waters  yet  discovered;  indeed,  the  depth  at 
which  objects  can  be  seen  through  them  has  always  been  re- 
marked with  surprise  by  those  who  have  visited  that  part  of 
the  world  for  the  first  time.  This  great  clearness  continues 
to  the  Bahama  Bsmk  and  Islands.  It  njight  also  be  shown 
that  three  miles  per  hour  is  an  over-estimate  of  the  mean  an- 
nual velocity  of  the  Gulf  Stream. 

The  mouth  of  the  Ganges  will  afford  us  an  example  of  the 
power  of  rivers  to  force  torward  tleltas  where  no  violent  cur- 
rents run  across  their  embouchures,  and  where  the  body  of 
water,  particularly  during  freshets,  is  very  considerable,  even 
when  such  rivers  are  opposed  to  considerable  tides.  Major 
Rennel  described  this  delta  in  1781,  so  that  probably,  since 
his  account  was  written,  very  material  changes  have  been 
efTected;  yet  as  all  these  changes  are  likely  to  have  been  made 
in  the  same  manner,  Major  Rennefs  description  will  always 
be  valuable,  as  showing  the  mode  in  which  they  have  been 
carried  on.  The  delta  of  the  Ganges  commences  about  two 
hundred  and  twenty  miles  from  the  sea  in  a  direct  line;  or 
nearly  three  hundred,  if  the  distance  be  reckoned  along  the 
windings  of  the  river.  The  Ganges  makes  frequent  windings, 
like  many  other  rivers,  and  thus  considerable  changes  of  its 
bed  take  |ilace,  the  opposing  bends  cutting  through  the  isthmus 
between  them,  as  in  die  Mississippi.  During  the  eleven  years 
which  Major  Rennel  remained  in  India,  the  head  of  the  Jel- 
linghy  river  was  gradually  removed  three-tjuarters  of  a  mile 
further  down.  He  also  states,  that  "  there  are  not  wanting 
instances  of  a  total  change  of  course  in  some  of  the  Bengal 
rivers.  The  Cosa  (equal  to  the  Rhine)  once  ran  by  Purneah, 
and  joined  the  Ganges  opposite  Rajenal.  Its  junction  is  now 
nearly  forty-five  miles  higher  up.  Gour,  the  ancient  capital 
of  Bengal,  once  stood  on  the  Ganges."  It  seems  probable 
that  the  Ganges  once  ran  in  the  line  now  occupied  by  the  lakes 
and  morasses  between  Nattore  and  Jaffiergunge*. 

•  Rennd,  Pliil.  Trana.  1781. 
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This  delta  is  constantly  on  the  increase.  The  quantity  of 
ietritus  must  be  abundant,  for  the  sea  into  which  it  is  borne 
[is  by  no  means  shallow,  the  depths  bctni;  considerable.  The 
amount  of  detritus  ht-ld  In  mechanical  suspension  by  the 
Goiif^s  has,  however,  been  greatly  exaggerated  ;  for  instead 
of  being  equal  to  one  fourth  of  the  volume  of  water  discharged, 
as  was  supposed  by  Major  Kennel,  it  appears  that  24  per  cenL 
is  the  utmost  that  can  be  allowed.*  The  usual  checks  are 
pro<luced  by  the  tide,  but  during  the  trci^hets  the  ebb  and 
flow  are  little  felt,  except  near  the  sea.  During  these  times, 
therefore,  the  advance  of  the  delta  is  most  considerable,  the 
quantity  of  transported  detritus  being  then  greatest,  and  the 
resistance  of  the  sea  at  its  minimum.  The  seu  may  ravage  the 
new  lands,  and  apparently  remove  them  for  a  time  ;  but  even- 
tually they  must  gain,  even  from  the  accumulative  power  of 
the  breakers  themselves,  which  also  equalize  the  depths,  by 
conveying  the  detritus  to  a  short  ilistatice :  thus  rendering  the 
sea  more  shallow,  and  consequently  more  easily  filled  up  by 
river-borne  detritus. 

Coarse  gravel  transported  by  the  Ganges  does  not  approach 
the  sea  within  four  hundred  miles,  and  consequently  does  not 
occur  within  one  hundred  and  eighty  miles  of  the  commence- 
ment of  the  dehn  ;  thcretbre  it  would  apfiear  that  during  the 
{ present  order  of  things  the  Ganges  has  not  transported  coarse 
I  gravel  into  the  sea  at  its  present  relative  level.     A  great  por- 
I  tion  of  the  periodical  inundations,  re|]resented  as  flowing  on 
lUw  level  lands  at  the  rate  of  half  a  mile  per  hour,  has  been 
latiributed  to  the  rains  which  fall  on  the  low  lands  of  India, 
its  it  has  a  blackish  lint,  trom  being  long  almost  stagnant 
among  vegetables  of  different  kinds.     iSmail  obstacles  accu- 
mulate, as  might  be  expected,  very  considerable  banks  and 
\  inlands ;  a  large  tree  arrested  in  its  progress  downwards,  or 
I  even  a  sunken  boat,  being  suiBcient  for  the  purpose.  As  these 
islands  are  quickly  formed,  so  are  they  easily  swept  away  by 
any  change  in  the  mighty  current. 

At  the  junction  of  the  Ganges  and  Burrampooter  below 
Luckipoor,  there  is  a  large  gulf  in  which  the  water  is  scarcely 
brackish,  even  at  the  extremity  of  the  islands,  some  of  which 
are  described  by  Major  Rennel  a;$  equalling  the  Isle  of 
Wight  in  size  and  fertility.  The  sea  is  represented  as  per- 
fectly fresh  to  the  distance  of  several  leagues  from  this  place 
during  the  rainy  season. 

•  Gi«aoiog9  of  Science,  vol.  iii.  p.  185;  Calcutta  1831.  On  the  other 
^aod,  it  appean  that  the  average  discharge  of  water  from  the  Ganges  ia 
Biiich  greater  than  was  estimated  by  Major  Rennel,  being  about  600,000 
cubic  Ml  per  Kcond, — Ibid. 
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It  will  be  seen  that  deltas  not  only  occur  in  sitaatlons  wliei 
there   is  neither  tide  nor  considerable  current  to  prevent 

freat  accumulation  of  new  land,  as  at  the  embouchures  of  th« 
Jile  and  Po,  but  also  where  the  tides  are  small  (Mississippi) 
and  even  where  tliey  are  considerable  (Ganges).  The  deltas 
thus  produced  are  no  doubt  large,  and  the  amount  of  animal 
and  vegetable  matter  which  they  may  entomb  very  consider- 
able; but  we  must  not  be  led  away  by  measurements  and 
comparisons  with  the  length,  breadth,  or  superficies  of  districts 
witli  which  we  may  be  familiar,  and  which  we  may,  from 
habit,  consider  important.  They  should  be  regarded  with 
reference  to  their  relative  importance  as  portions  of  drj*  land, 
when  it  will  be  seen  that  they  do  not  expose  so  considerable  a 
surface  as  might  at  first  be  sii|)posed^  The  augmentation  of 
deltas  will  correspond  with  the  detritus  carried  forward  to  the 
embouchures  of  rivers  ;  and  it  will  be  obvious  that  the  facility 
of  the  transport  will  depend,  nil  other  circumstances  being  the 
same,  on  the  length  and  fall  of  the  channel.  Now  the  course 
will  be  shortest  and  the  declivity  greatest  at  the  commence- 
ment of  the  delta,  and  therefore  it  might  be  concluded  that 
deltas  would  accumulate  heavier  materials,  and  increase  most 
rapidly  at  the  first  periods  of  their  formation,  and  that  this 
increase  wouhl  gradually  diminish  as  the  fall  of  the  river 
channel  became  less,  and  its  length  increased  ;  without  reckon- 
ing on  the  innumerable  checks  given  to  the  stream  by  the  in- 
creasing divisions  in  the  delta.  It  may  oUo  be  supposed  that 
the  detritus  from  the  high  lands  would  become  gradually  less, 
from  the  equalization  of  levels,  and  ihe  fewer  asperities  that 
meteoric  agents  have  to  act  on.  IShould  these  remarks,  made 
under  the  snp|)osition  of  the  non-interference  of  man,  be 
correct,  it  will  follow  that  the  increase  of  deltas  would  gradu- 
ally diminish  if  these  were  the  only  circumstances  which 
regidated  them.  But  it  must  be  admitted  that  heavy  rains, 
more  particularly  in  tropical  countries,  would  tend  to  cut  up 
and  destroy  the  delta  itself,  (still  accumulating  at  its  highest 
parts,)  and  force  the  detritus  into  the  sea.  The  dense  aquatic 
vegetation,  common  at  the  extremities  ofdeltas,  would  render 
diis  transport  dilficult,  yet  slill  some  detritux  would  escape. 
The  amount  of  such  additions  to  the  outskirts  of  the  new 
land  would  not,  perhaps,  be  considerable,  but  it  wouhl  corre- 
spond with  the  size  of  the  delta,  and  consequently  the  larger 
this  was,  the  greater  would  be  the  increase  thus  derived. 

Between  those  rivers,  such  as  the  Ganges,  which  obtrude 
deltas  into  tidal  seas,  and  those  which  have  large  open  em- 
bouchures, such  as  the  Maranon,  Su  Lawrence,  Tagus,  and 
Thames,  there  are  such  variations,  produced  by  local  causes. 
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lat  it  would  be  exceeiiingly  difficult,  even  if  useful,  lo  classify 
lena.  In  the  delivery  of  their  detritus,  therefore,  such  rivers 
rill  eillter  produce  deltas  or  estuaries  at  their  embouchures, 
i  they  either  partake  of  the  characters  of  the  Ganges  or  the 
t.  Lawrence  ;  if  of  the  latter,  the  detritus  will  be  dealt  with 
According  to  the  mode  of  deposit  or  transport  in  estuaries. 

Action  of  the  Sea  on  Coasts. 

Breakers,  or  the  waves  falling  on  sea  beaches  or  coasts,  are 
I  continual  and  powerful  agents  ol  destruction  in  some  situations; 
while  in  others  they  pile  up  barriers  against  themselves.  Tlieir 
destructive  influence  is  principally  felt  when  the  rocks  on 
which  they  are  discharged  are  composed  of  soft  materials,  and 
rise  somewhat  abruptly  above  the  level  of  the  sea.  Their  pro- 
tecting influence  is  most  commonly  experienced  in  front  of 
low  level  lands,  and  across  the  mouths  of  valleys,  on  each  side 
of  which  a  hard  rocky  point  supports  the  ends  of  a  beach. 

The  destruction  ol  coasts  of  equal  hardness  almost  always 
bears  a  proportion  to  the  extent  of  open  sea  to  which  such 
coasts  are  exposed,  all  other  circumstances  being  the  same« 
The  configuration  of  most  coasts  will  be  seen  to  be  deter- 
mined by  the  hardness  of  the  rocks  composing  them ;  the 
solder  strata  giving  way  before  the  battering  power  of  the 
breakers,  while  the  harder  rocks  preserve  their  places  for  a 
greater  length  of  time.  If  the  rocks  forming  a  coast  be  stra- 
tified, much  depends  on  the  dip  of  the  strata  relatively  to  the 
breakers.  Thus,  in  many  situations  on  the  southern  coasts 
of  Devon  and  Cornwall,  Uie  slaty  rocks  dip  in  such  a  manner 
towards  the  sea,  that  the  waves  have  never  eflecied  more  than 
the  removal  of  some  loose  superficial  matter,  the  same  that 
covers  all  the  hills  in  the  vicinity.  In  fact,  a  skilful  engineer 
Could  not  have  protected  the  coast  better  than  has  been  accom<- 
plished  by  tlie  dip  of  die  strata.  The  destructive  power  in 
other  situations  is  well  known  ^  and  of  this,  tlie  eastern  coast 
of  our  island  presents  abundant  proof,  where  very  considerable 
encroachments  of  the  sea  have  been  recorded  within  the  lapse 
of  a  few  centuries.  Tlie  substances  so  forced  away  by  the 
action  of  the  breakers  will  be  acted  on  according  to  their 
weight,  fornj,  aod  solidity.  The  tides  or  currents  will  remove 
•0  much  of  tliem  as  diey  are  able  to  transport,  and  the  rest 
will  remain  on  the  shore  within  the  immediate  influence  of  the 
breakers,  which  constantly  tend  to  grind  them  down  into 
smaller  portions,  and  finally  into  sard. 

In  the  destruction  of  a  cliff  of  unequal  hardness,  it  not  un- 
frequently  happens,  that  the  harder  portions,  when  large,  such 
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as  many  concretions  in  sandstones  and  marls,  or  blocks  of  in- 
durated strata,  remain  at  the  base  of  the  cliff,  and  in  a  ^reat 
measure  protect  it  from  the  more  powerful  effects  of  the 
breai(ers,  as  will  be  seen  in  the  annexed  figure. 

a,  a  defence  of  blocks,  derived 
from  the  hard  strata  d,  and  the 
concretions  c. 

Among  the  unstratified  rocks, 
great  variety  of  hardness  prevails, 
so  that  they  frequently  present  an 
uneven  front  to  the  sea,  resulting 
from  the  quicker  decomposition  and 

destruction  of  some  parts  than  of  others.  Veins  of  one  sul 
stance,  or  rock,  traversing  another  are  generally  of  different 
textures  and  solidity  from  that  which  they  cut,  and  con- 
sequently nothing  is  more  frequent,  on  sea  sliorcs,  than  to  ob- 
serve them  either  standing  out  in  relief  or  hollowed  into  coves. 

When  a  shingle  or  sandy  beach,  but  more  particularly  the 
former,  is  partly  torn  up  and  held  in  temporary  mechanical 
suspension  by  the  breakers  during  a  heavy  gale,  the  action  of 
the  waves  is  very  considerable,  even  on  the  hardest  rocks,  so 
as  to  scoop  them  out  near  the  ordinary  level  of  the  sen.  In 
exposed  situations,  the  hardest  rocks  are  often  drilled  into 
holes  or  caverns,  from  the  force  of  the  broken  wave  being 
driven,  by  local  circumstances,  more  in  one  direction  than 
another,  or  iVom  the  inferior  hardness  of  different  portions  of 
llie  rock.  The  most  beautiful  of  ocean  caverns,  Fingal's 
Cave  in  Staffa,  owes  its  existence  to  the  circumstance  of  the 
basaltic  columns  being  jointed  in  that  place,  while  the  geneml 
character  is  to  be  without  divisions  in  the  columns". 

Afler  the  sea  has  formed  a  cavern,  the  vault  of  which  does 
not  rise  abo%'e  high  water,  it  sometimes  works  its  way  upwards 
at  the  inmost  extremity,  partly  by  means  of  the  compressed 
air  held  between  each  wave  as  it  rofis  into  the  cave.  Of  this 
kind  of  cavern  Bosheston  Mere  in  South  Wales  is  an  example 
on  the  large  scale.  It  is  formed  through  strata  of  carboni- 
ferous limestone,  and  the  noise  caused  by  the  blast  of  com- 
pressed air  and  sea  water  upwards  is  heard  at  a  considerable 
distance. 

The  protecting  influence  of  breakers  is  shown  in  long  lines 
of  shingle  and  sandy  beaches,  which  often  defend  low  and 
marshy  land,  particularly  at  the  mouths  of  valleys,  from  the 
destructive  power  of  the  sea. 


*  MaeCulloch,  Western  Islands  of  Scotland. 
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Shingle  Beaches. 

In  the  case  of  shingle  beaches,  it  will  be  observed,  that 
during  a  heavy  gale  every  breaker  is  more  or  less  charged 
with  the  materials  composing  llie  beach;  the  shingles  are 
\  forced  forward  as  far  as  the  oroken  wave  can  reach,  and  in 
their  shock  against  the  beach  drive  otLers  before  them  that 
were  not  held  in  momentary  mechanical  suspension  by  the 
breaker.  By  these  means,  and  particularly  at  the  greatest 
height  of  the  tide,  the  shingles  are  projected  on  the  land 
beyond  the  reach  of  retiring  waves.  Heavy  gales  and  high 
tides  combined  seem  to  produce  the  highest  beaches ;  they  do 
indeed  sometimes  cause  breaches  in  the  rampart  they  have 
raised  against  themselves,  but  they  quickly  repair  them.  The 
great  accumulation  of  beach  upon  die  land  being  effected  at 
High  water,  the  ebb  tide,  it  is  clear,  cannot  deprive  the  land 
ofwhat  it  has  gained.  In  moderate  weather,  and  during  neap 
tides,  various  little  lines  of  bench  are  formed,  which  arc  swept 
away  by  a  heavy  gale ;  and  when  these  little  beaches  are  so 
obliterated,  it  might  be  supposed,  by  a  casual  observer,  that 
the  sea  was  diminishing  the  beach;  but  attention  will  show 
that  the  shingles  of  the  lines,  so  apparently  swept  away,  are 
but  accumulated  elsewhere.  These  remarks  do  not  apply  to 
situations  where  the  sea,  duriug  gales,  has  access  to  dills  or 
piers,  from  whence  there  might  be  a  retiring  wave  carrj-ing  all 
before  it;  but  to  such  situations — and  they  are  abundant — 
where  the  breakers  meet  with  no  resistance  of  that  kind,  and 
strike  notliingbut  the  more  or  less  inclined  plane  of  a  shingle 
beach.  Even  in  cases  where  the  waves  in  heavy  gales  and 
high  tides  do  reach  cliffs,  and  for  the  time  remove  shingle 
beaches,  it  is  curious  to  see  how  soon  these  latter  are  restored, 
when  the  weather  moderates,  and  when  the  breakers,  in  con- 
sequence of  a  diminished  projecting  force,  cease  to  recoil  from 
the  cliff  behind. 

Shingle  beaches  travel  in  the  direction  of  the  prevalent 
winds,  or  those  which  protluce  the  greatest  breakers  :  of  this 
there  are  abundant  examples  on  our  own  southern  coast, 
where  the  prevalent  winds  being  W.  or  S,W.,  the  beaches 
travel  eastward  until  arrested  by  some  projecting  land,  when 
the  se*  forms  a  barrier  against  itself,  and  not  unfrequently 
leaves  a  space  between  it  and  the  clil!'  which  it  formerly  cut : 
this  space,  under  favourable  circumstances,  is  covered  by  ve- 
getation, suited  to  such  a  situation,  even  the  cliff  being  some- 
times studded  with  sea-side  plants,  when  they  can  tind  root. 
Works  are  sometimes  constructed  to  arrest  beaches,  either  to 
protect  land  belutid  or  to  prevent  their  passage  round  pier 
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heads  into  artificial  harbours ;  and  thus  engineers  are  pn 
tically  aware  of  llieir  travelling  power  in  the  direction  of  cer- 
tain winds.  This  progressive  march  of  beaches  is  far  from 
rapid,  and  can  only  be  in  proportion  to  the  greater  power  or 
duration  of  one  wind  to  another ;  moreover,  the  pebbles  be- 
come comminuted  in  their  passaj^e,  and  tlius  the  harder  can 
only  travel  to  consideratile  distances. 

The  Cliesil  Bank,  connecting  the  Isle  of  Portland  with  the 
main  land,  is  about  sixteen  mile^  long,  and,  as  a  general  fact, 
it  may  be  stated  that  tlie  pebbles  increase  in  size  from  west  to 
east.  It  protects  land  wliich  lias,  evidently,  never  been  ex- 
posed to  the  destructive  power  of  the  Atlantic  swell  and  seas, 
which  break  with  great  fury  against  the  bank »  for  the  land 
behind  is  composed  of  soil  and  easily  disintegrated  strata, 
which  would  speedily  give  way  before  such  a  power.  Perhaps 
a  gradual  sinking  of  the  land  might  produce  the  present  ap- 
pearances ;  for  though  tbe  sea  would  have  attacked  the  land 
wlien  tlic  relative  levels  were  dillerent,  the  form  of  the  bay, 
and  the  projection  of  the  Isle  of  Portland,  would  soon  cause 
a  beach  to  be  formed,  which  would  rise  as  the  land  sunk,  so 
that,  finally,  no  traces  of  a  back  cliff  could  be  observed. 
Under  this  liypolbesis,  Portland  would  not  liave  formed  an 
island,  but  merely  the  projecting  point  of  a  bay,  which,  with 
its  exposure,  would  soon  have  accumulated  the  btach  required. 
It  may  be  remarked,  that  this  supposed  gratlual  sinking  of 
the  land  is  in  accordance  with  appearances  more  westward 
on  the  same  coast,  where  tbe  facts  presentetl  seem  to  retjuire 
this  explanation.  The  sea  separates  the  Ghesil  Bank  from 
the  land  for  about  half  its  length,  so  that,  for  about  eight 
miles,  it  forms  a  shingle  ridge  in  the  sea.  The  effects  of  the 
waves,  however,  on  either  side  are  very  unequal ;  on  the 
western  side  the  propelling  and  piling  influence  is  consider- 
able, while  on  the  eastern,  or  that  part  between  the  bank  and 
ihe  main  land,  it  is  of  trifling  importance.  The  following 
a  section. 

Fig.  17. 
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»'  -  --'  *  ^  •  »- 


fl,  the  Chesil  Bank:  b,  tire  water  called  the  Fleet:  c,  smal 
cliffs  formed  by  the  waves  of  the  Fleet  and  land  springs :  rf, 
various  soft  rocks  of  the  oolite  formation,  protected  from  dea^H 
struction  by  the  Chesil  bank  a .-  c,  the  open  sea.  ^^ 

Another  curious  example  of  land  protected  by  a  shingle 
bank  occurs  on  the  southern  coast  of  Devon,  and  is  remark- 
able, as  it  shows  that  the  sea,  at  its  present  relative  level  with 
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the  land,  ha.s  never  renclied  the  laiul  beliinJ  llie  heach, — a 

fiict  that  will  admit  of  the  same  explanation  ns  that  previously 

given  for  the  Chesil  Bank.     At  the  bolloni  of  Start  Bay,  and 

ibr  the  distance  of  about  6ve  or  six  miles,  a  considerable  bank* 

principally  composed  of  small  quartz  pebbles,  has  been  thrown 

up  by  the  sea.     The  line  of  coast  ihces  the  east.     BeLweea 

Tor  Cross  and  Beeson  Cellar,  a  |H>int  of  land  comes  within 

tlie  reach  of  the  breakers  ;    but  here,  as  well  as  elsewhere 

behind  the  bank,  the  land  has  evidently  gained  on  the  sea, 

or,  in  other  words,  the  latter  has  piled  up  a  barrier  whieh 

prevents  its  reaching  (he  cliffy  as  it  once  di<l,  even  iluriof;  heavy 

gales.     This  bank,  fjenerally  known  as  SJapton  Saints,  though 

composed  wholly  of  small  pebbles,  protects  and  blocks  up  llr 

mouths  of  five  valleys.     Between  Slapton  Sands  (properly  s(>] 

called)  there  is  a  fresh-water  lake,  divided  into  two  at  Slaplon 

Bridge,  where  the  waters  of  the  northern  lake  diain  into  the 

aouthern.     The  northern  portion  is  nearly  silted  up  by  tlie 

detritus  borne  down  by  n  river  that   drains  a  few  hiiles  of 

country,  and  is  nearly  covered  by  bulrushes  and  other  aquatic 

plants.     The  southern  and  lar^ijer  portion  is  open,  and  of  many 

ncrcs  in  extent.     The  waters  are  supplied  by  the  rivers  behint^j 

ttid  commonly  percolate  through  the  pebbles  into  the  sea> 

When,  however,  the  tides  are  hij^h,  and  the  waters  kept  up  by 

heavy  gales,  it  sometimes  happens  that,  the  relative  levels  being 

.altereu,  the  sea-water  passes  throuirli  the  stiingles  into  the 

lake,  and  renders  it  to  a  certain  extent  brackish.     This  usually 

happens  in  winter ;  but,  generally  speaking,  the  relative  levels 

«re  <iuch,  that  the  lake  drains  into  the  sea  and  remains  perfectly 

frc^h.     It  contains  n  great  abundance  of  trout,  perch,  pike, 

roach,  and  flounders.     The  presence  of  the  latter,  a  murine 

or  tstimry  fish,  shows  that  it  can  be  gradually  accustomed  to 

frcfth  water.     The  percolation  of  the  sea  through  the  pebbles, 

during  heavy  gales,  does  not  seem  to  injure  the  fresli-water 

fi»ih;  Gut  when  a  breach  was  made  through  this  beach  during 

the  gale  of  November   ISS-t,  they  were  nearly  nil  killed  by 

the  sudden  influx  of  the  sea.     Those  whicl)  escaped   up  the 

Wreutns  were  sufficient,  in  five  years,  again  to  stock  thi;  lake 

ibundantly. 

Hie  breach  made  tlirough  Slapton  Sands  continueil  open 
for  nearly  a  year,  becoming  gradually  smaller.  The  complete 
fesloration  of  the  sands  was  hastened  by  throwing  a  few  bags, 
Tilled  wtUi  shingles,  into  the  gap,  upon  which  two  or  three 
gules  soon  piled  up  a  heavy  beach. 

The  old  bank  munt  have  remained  undisturbed  for  a  long 
Period;  for  vegetation  had  become  active  u[)i>n  it,  as  we  see 
uy  those  portions  which  lemaiu  uninjured,  where  turf  and  even 
furze-bltshes  have  establisheil  themselves  upon  the  shingles. 
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Fig.  18. 


The  above  exhibits  a  section  of  the  beach  and  lake, — <7,  thft 
sea  which  tljrows  up  the  beach  b:  c,  the  fresh- water  lake  be- 
hind the  beach :  </,  several  feet  in  depth  of  pieces  of  state  and 
sand  derived  from  the  slate-rocks  p. 

This  diagram  shows  that  the  sea  could  not  have  acted  u 
the  hill  d  e  since  the  nccumulalion  of  the  loose  substances  u, 
which  it  would  have  instantly  removed. 

The  great  size  of  rock  fragments  moved  by  the  action  of 
the  breaKers  attests  their  power.  During  heavy  gales,  blocks 
of  many  tons  in  weight  have  been  forced  from  their  places ; 
and  others,  even  squared  and  bolted  together  in  the  form  of 
piers  and  jetties,  have  been  torn  asunder  by  the  battering 
power  of  ihe  waves.  During  the  gale  of  November  ISS*, 
which  ravaged  a  considerable  part  of  the  southern  coast  of 
England,  a  square  block,  from  n  ton  and  a  half  to  two  tons  in 
weight,  strongly  treaailed  down,  was  lorn  away  from  a  jetty 
at  Lyme  Regis,  and  tossed  upwards  by  the  force  of  a  breaker. 
Mr.  Harris,  of  Plymouth,  informs  me  that,,  during  the  same 
severe  gales,  and  at  the  commencement  of  1829,  blocks  of 
limestone  and  granite,  from  2  to  5  tons  in  weight  were  washed 
about  on  the  Breakwater  like  pebbles ;  about  300  tons,  in 
blocks  of  these  dimensions,  being  carried  a  distance  of  200 
feet,  and  up  tlie  inclined  plane  of  the  Breakwater.  These 
blocks  were  thrown  over  on  the  other  side,  where  they  re- 
mained, after  the  gale,  scattered  in  various  directions.  A 
block  of  limestone,  weighing  7  tons,  was  washed  round  the 
western  extremity  of  the  Breakwater,  and  carried  1.50  feet. 
Two  or  three  blocks  of  this  size  were  washed  about.  At  the 
Pier  in  Bovey  Sand  Bay,  on  the  east  side  of  Plymouth  Sound, 
a  piece  of  masonry  may  be  now  seen,  whicit  was  washed  back 
about  10  feet,  being,  at  the  time  it  was  struck,  16  feet  above 
the  level  of  an  I8-Jeet  spring  tide.  Tliis  piece  of  masonry 
weighs  about  7  tons,  and  consists  of  a  few  blocks  of  limestone 
cemented  together  and  covered  by  a  large  block  of  granite. 
The  mass  was  dovetailed  into,  and  formed  part  of,  a  parapet 
facing  the  sea. 

At  the  Scilly  Islands  the  blocks  of  granite  thai  fall  from  the 
cliffs  are  ground  by  attrition  into  great  boulders,  which  become 
the  sport  of  the  heavy  Atlantic  seas  in  tempestuous  weather. 
The  effect  produced  by  a  heavy  sea  must  depend  consider- 
ably on  the  form  of  the  block  on  which  the  sea  acts.  Thus, 
a  flat  front  would  present  ihe  greatest  resistance  to  the  shock, 
and  the  mass  so  struck  would  have  a  tetidencv  to  l)e  more 
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isily  moved  than  a  rounded  mass,  it'  it  were  not  tltat  the  re* 
sistance  to  removal  offered  at  its  base,  is  very  considerably 
greater  than  in  a  rounded  mass. 

The  wed^^ing  power  of  the  breakers  is  also  very  consider- 
able where  heavy  blocks  of  difficult  removal  are  mixed  with 
smaller  stones  easily  transported.  A  beach  of  this  nature 
sometimes  acquires  much  solidity,  as  the  smaller  pieces  are 
often  forced  among  the  larger  so  lightly  as  to  recjuire  very 
great  force,  and  even  fracture,  before  they  can  be  taken  out. 
It  would  apj)ear  tliat,  though  shingle  beaches,  or  those 
imposed  partly  of  pebbles  and  partly  of  larger  masses,  may 
be  moved  in  the  direction  of  the  preiloniinaling  and  heaviest 
^breakers,  we  have  no  evidence  of  their  being  transported 
iitwards,  or  into  the  depths  of  the  ocean,  but  that,  on  the 
'tootmry,  the  waves  of  the  sea  strive  to  throw  them  upon  the 
laod ;  and  this,  not  only  in  the  case  of  substances  derived  from 
ke  land,  but  also  in  that  of  corols,  shells,  and  murine  plants 
rhich  have  been  }>ruiluccd  in  the  ^ea  itself.  In  tropical 
^countries  it  is  found  that  many  coral  reefs  and  islands  are 
'^fended  on  their  windward  sides  by  beaches  olcoral  shingles, 
id  even  large  fragments  of  cnral.  Lieut.-Cot.  Hamilton 
lith  informs  me,  that^  during  a  hurricane  which  he  witnessed 
^it  Curacoa  in  September  1807,  large  pieces  of  coral  were 
torn  up  from  a  depth  often  fmhoms,  and  thrown  on  the  bank 
uniting  Punta  Brava  with  the  land.  Beaches  composed 
wholly  or  entirely  of  comminuted  marine  shells  are  not  un- 
common, and  will  be  noticed  in  the  setfuel. 

I  The  seaward  front  of  most  sliiiigle  beaches,  particularly 
when  they  defend  tracts  of  flat  country,  is  bounded  by  a  line 
tlong  the  edge  of  the  beach;  above  this  line  the  beach  gene- 
nUy  makes  a  considerable  angle  with  the  sands,  in  cases  of 
(utdy  flats.  In  cases  where  shingle  beaches  -are  not  entirely 
f|uitted  by  the  tide,  sandy,  shelivi  or  very  fine  gravel  sound- 
ton  are  commonly  obtained  at  a  short  distance  fi  um  the  shore, 
HttHM  the  bottom  be  rocky.  It  would  sippear  that,  if  the 
present  continents  or  islands  were  elevated  al)ove,  or  depressed 
^^  liciienth,  the  present  ocean-level,  shingle  beaches  would  be 
^m  tbond  to  fringe  the  land,  but  not  to  extend  far  seaward*. 

*  Vfe  should  be  careful,  when  we  obtain  Hhingl«4  in  various  soundings, 
teconnder  (hat  the  probability  is  as  great  of  finding  pebb1c»  at  the  bottom 
^the  lea  as  oti  the  dry  land ;  and  that  their  presence  there,  is  no  proof  thai 
^*y  have  been  transported  by  existing  currents,  unksi  ft  can  be  anownthat 
^  velocity  of  the  existing  current  is  sufHcient  to  transport  such  detritiia,  and 
llut  the  direction  of  the  current  is  that  which  would  carry  the  fragments  from 
^  known  place  of  the  parent  rock.  Without  altentjon  to  this  circuinsiance, 
>l  i&igbl  be  .sup})0<>ed  tnnt  the  mii.iII  shingles,  covering  the  bottom  of  the 
n»*ly  di»covered  bank  ofl'  the  north-west  coast  of  Ireland,  were  carried  there 
^J  flie  prwent  currents,  when  thi^v  arc  quite  a.«  likely  to  have  been  otherwis« 
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Sandtf  Beaches. 

The  observalions  made  respecting  shingle  beaches  apply, 
in  a  great  measure,  to  those  cnniposed  of  simd.  The  sand  is 
derived  eitiier  from  the  detfiius  borne  ilown  by  rivers,  from 
the  attrition  of  sea-shore  shingles  against  each  other,  or  im- 
mediately from  the  sand  and  ^a^dslones  of  the  land.  The 
breakers  have  the  same  tendency  to  force  sand  upon  tlie  land, 
as  was  observed  in  the  case  of  shingles ;  but,  being  so  much 
lighter  than  the  latter,  sand  can  be  transported  by  coast  tides 
or  currents  wliose  velocity  would  be  insufficient  to  move 
shingles.  On  the  other  hand,  however,  smaller  forces  and 
bodies  of  water  can  throw  sand  on  the  shore.  The  spm}" 
that  could  not  trans}>ort  n  pebble  can  carry  sand,  and  thus 
this  substance  can  be,  anil  is,  conveyed  far  beyonil  situations 
where  the  reflux  of  a  wavu  can  be  fcit-  When  tlie  tide  is  low, 
or  the  sea  less  agitated,  sand,  dried  by  die  sun  or  winds,  is 
tran5})ortcd  by  the  latter  to  great  dihtances,  so  that  whole 
districts  of  once  fertile  land  have  been  overwhelmed  by  it. 

Such  irunsported  sand,  when  sufficient  to  form  hills,  is 
known  by  the  name  ol'  dunes,  more  or  less  common  behind 
sandy  shores  or  beaches  over  the  globe.  A  striking  example 
of  the  progress  of  such  drifted  sand  inland,  is  to  be  found  in 
the  Bay  of  Biscay,  on  the  eastern  siiore  of  which  the  sands 
have  overwhelmed  and  are  continuing  to  cover  large  tracts  of 
country.  Cuvier  states  the  advance  of  these  dunes  as  per- 
fectly irresistible,  forcing  lakes  ol"  fresh  water  before  them, 
derived  from  the  ruins  which  cannot  find  a  passage  into  the 
sea.  Forests,  cultivated  lands,  and  houses  disappear  beneath 
them.  Many  villages  noiicetl  iiv  the  middle  ages  have  been 
covered,  and  in  the  department  of  the  Landes  alone,  ten  are 
now  threatened  with  destruction.  •'  One  of  these  villages, 
named  Mimisan,  has  been  striving  for  twenty  years  against 
them;  and  one  sand-liill,  more  than  sixty  1'eet  high,  may  be 
said  to  be  seen  advancing.  In  I80'2,  the  lakes  invaded  five 
fine  farms  bflongiug  to  Saint  Julien;  they  have  long  since 
covered  a  Roman  causeway  whicli  led  from  Bourilenux  to 
Bayoime,  nnd  which  was  seen,  about  forty  years  since,  when 
the  waters  were  low.  The  Adour,  which  was  once  known  to 
flow  by  Vienx  Boncaut,  and  fall  into  the  sea  at  Cap  Breton, 
Is  now  turned  aside  more  than  a  tliousund  toises*." 


produced.  That  tliey  are  not  now  rolled  about  to  aiiy  extent,  in  evident  from 
the  serputee  and  other  umrine  productions  oltached  to  some  of  them  brought 
up  b}'  Captain  Vidal,  during  ni»  survey,  by  the  aiming  of  the  sounding 
lend. 

•  Cwvier,  Dii.  sur  les  R^v,  du  Globe, 


M.  Breniontier  Catculatcd  that  these  (Tunes  advance  at  the 
rate  of  sixty,  and  even  sev^jiuy-two,  I'eet  ptr  amiuni- 

IJnder  favourable  circumstances,  sands,  transported  from  a 
beach  into  the  interior,  become  consolidated  :  of  this  a  good 
example  is  found  on  the  north  const  of  Cornwall,  where  the 
matter  thrown  up  is  formed  from  comminuted  sea-shells,  and 
the  consolidation  is  principally  eflfected  by  means  of  oxiile  of 
iron.  From  the  drift  having  taken  place  at  diflerent  times, 
this  recent  calcareous  sandstone  is  htratified,  with  occasionally 
interposed  vegetable  remains.  I  louses  have  been  overwhelineil, 
aud  human  remains  entombed  where  churchyards  have  ex- 
isted. Mr.  Carne  describes  a  pot  of  old  coins  dug  out  of  it. 
The  induration  of  this  rock  is  so  considerable,  that  holes  arc 
drilled  in  it  at  New  Kay,  for  the  purpose  of  securing  vessels 

itu  the  clitf.  It  is  also  used  for  arcliitecliiriil  purposes,  and 
according  to  Dr.  Paris  the  church  of  Crantock  is  built  with 
it.  The  same  author  states  that  the  higli  cliffs  of  this  recent 
rock,  which  extend  several  miles  in  Fistrel  Bay,  are  occa- 
(iunally  intersected  with  veins  of  breccia.  "  In  the  cavities, 
calcareous  stalactites  of  rude  appearance,  opaque,  and  of  a 
gray  colour,  hang  suspended."  *'  The  beach  is  coveretl  with 
disjointed  fragments,  which  have  been  detached  from  the  cliff 
ftbove^  many  of  which  weigh  two  or  three  tons'." 
Indurated  dunes  occur  in  various  parts  of  the  world :  tliey 
have  been  noticed  by  Peron  in  New  Holland  ;  and  the  rock 
in  which  the  human  remains  of  Guadaloupe  have  been  found 
would  appear  to  he  similar.  These  latter  are  discovered  at 
the  Port  du  Moule,  in  an  indurated  beach  composed  of  com- 
minuted shells  and  corals.  The  specimen  in  the  British 
Museum  is  formed  of  coral  and  small  pieces  of  compact  time- 
'vtone,  and  in  it  Mr.  Ktinig  has  observed  Millepora  miniacea^ 
madrepores,  and  shells  referreil  to  Helix  acuta  and  Twbo 
Pica.  According  to  Cuvicr,  the  specimen  in  the  Jardin  du 
Hoi,  at  Paris,  exhibits  a  gangue  of  travertin  containing  shells 

•  Paru,  Cieol.  Trans,  of  Cornwall.  Not  only  sands  but  shingle  beaches 
\tK  lcnni*tiine«  indurated. — Captain  Beaufort  dc^cribt's  a  ulniii  sevt-ral  miles 
in  length,  near  Sclint)',  coast  of  Kiinimanin,  ns  hounded  by  ft  gravel  bench, 
«bich  hiLs  becume  consolidated  from  the  top  of  the  crest  to  some  dixtunce 
into  ihr  bca  ;  the  consolidation  extending  to  the  depth  of  from  one  to  two 
feci,  nnd  being  generally  cotered  with  loose  simd  a.nd  gravel,  so  that  it 5s 
not  rAailv  ab«ervcd.  The  pebbles  are  cenunted  by  a  calcareous  paste,  aiid 
Ih^  whole  i«  so  hanl.  tlint  a  blow  "  more  frequently  fractures  even  the 
i|nartz  pebblea  tiian  dislodges  (hem  from  their  bed."  Other  beaches  of  the 
likt  kind,  but  nn  a  t«maller  scale,  were  observed  on  other  parts  of  the  coasts 
iif  ,\«i;i  Milii.r  and  of  Greece.  Rocky  ledges  of  n  similar  nature  occur  to 
Ihc  t  Side,  iwrtly  above  and  partly  under  the  water.     They  con- 

tain r      ,  ,»,  ahells,  bits  of  wood,  and  other  rubbish.     They  are  very 

banl,  and  are  cemented  by  oalcnreous  matter,  probably  derived  from  some 
akuisms  sUtc  in  the  vicinity. — Beaufort's  Karamania,  pp.  1S2  unil  \%&. 
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of  the  neif^libouring  sea,  and  terrestrial  shells,  especially  the 
Bidimns  j^uaduloupmsis  of  Ferussac.  Near  Messina,  loo«ie 
sand  becomes  consolidated  on  the  beach,  and  is  usetl  for  build- 
ing. It  is  slateil  tliat  the  cavities  thus  made  are  again  filled  up 
by  sand,  which  becomes  consolidated  and  used  in  its  tarn. 

Von  Buch  notices  a  limestone  and  sandstone  formation  of 
a  similar  kind  on  the  coast  of  the  Great  Canary.  The  violent 
north  wind  of  summer  raises  the  light  fragments  of  broken 
shells,  and  little  rounded  grains  of  trachyte  and  basalt,  (be- 
tween the  town  and  Isleta,)  and  drives  iheni  over  the  narrow 
tongue  of  land  of  Guanatenie;  thus  forming  dunes  about  90 
or  4-0  feet  in  height.  The  waters  behind  these  dunes  act  on 
the  sand,  uniting  it  into  a  compact  mass,  which  \s  broken  away 
during  the  ebb.  These  waters  are,  during  the  greater  part  of 
the  year,  at  a  temperature  of  77°  F.,  which  greatly  promotes 
their  action  on  llie  calcareous  particles.  The  sandstone  is 
produced  on  the  Confidal  shore  of  the  Isleta,  but  not  at 
Catalinn,  which  is  exposed  to  the  N.E.  wind.  It  is  a  real 
oolite,  most  of  the  grains  being  round  and  calcareous,  sur- 
rounding n  nucleus  of  basalt,  trachyte,  or  the  fragment  of  a 
shell.  iSiavihir  rocks  containing  shells,  resembling  those  stilt 
living  on  the  coasts,  occur  at  the  height  of  300  or  400  feet 
above  the  level  of  the  sea,  showing  that  a  diflerence  of  level 
to  that  amount  has  taken  place  since  the  formation  of  these 
rocks*.  ^ 

Dr.  Clarke  Abel  describes  a  large  bunk,  rising  from  tlfl 
fiea  to  the  height  of  about  a  hundred  feet,  to  the  eastward  oP 
Simon's  Town,  Cape  of  Good  Hope,  formed  of  shell  and 
sand,  thrown  up  by  the  S.E.  wind.  In  this  he  discovered 
singular  cylindrical  bmlies,  which  resembled  bones  bleached 
by  the  air.  «*  On  a  closer  examination,  many  of  them  arc 
found  to  be  branched;  and  others  are  discovered  rising 
through  the  soil,  and  ramifying  fi'om  a  stem  beneath,  thicker 
than  themselves.  Their  vegetable  origin  in>mediately  sug- 
gests itself,  and  is  confirmed  by  o  further  inquiry.  They  are 
seldom  solid,  their  centres  being  either  hollow  or  filled  with  a 
blackish  granular  substance,  which  in  many  specimens,  except 
in  colour,  resenibles  the  substance  called  roestone  by  minera- 
logists. Their  outer  crust  is  chiefly  composed  of  a  large  pro- 
portion of  sand  anil  a  small  proportion  of  calcareous  matter, 
and  in  many  specimens  contains  fragments  of  ironstone  and 
quartz  ati  inch  square.  That  they  are  really  incrustations 
formed  on  vegetables  which  have  afterwards  decayed,  is  proved 
hy  the  different  degrees  of  change  which  the  Internal  parts  of 
different  specimens  have  undergone.     In  some  the  organiza- 


*  German  Tranal.  of  MAnual. 
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ine  pmnl  sufficiently  remains  to  Icitvu  its  nature  iin- 
equivouil;  and  near  the  t.eu  tlie  very  cormiieiicenient  »}'  the 
process  of  incni.station  may  be  witnessed  on  the  large  Fuel 
which  strew  the  sliore*." 

Peron's  previous  descripilon  of  tlie  chanpfe  undergone  by 
Testable  substances  in  similar  situations  on  the  coast  of  Aus- 
tiulia,  is  nearly  the  same.     He  considers  that  the  shells  un- 

ttiergo  decomposition,  and  form  a  cement  with  the  sand ;  and 
that  the  vegetables  become  altered  and  finally  replaced  by  this 
sandstone,  leaving  nothing  to  show  its  origin  but  its  general 
^rm.  On  our  cmists  the  sands  tlvrown  on  shore  by  the  ac- 
jtioa  of  the  sea,  and  afterwards  drifted  by  the  winds,  are  often 
poinparatively  considerable.  Mr.  Ritchie  describes  a  di- 
strict often  square  miles  in  Morayshire,  once  termed  tlie  Gra- 
nary of  Moray,  as  having  been  overwhelmed.  "  This  barren 
\waste  may  be  considered  as  hilly;  the  accumulation  of  sand 
«u>mposing  these  hiils  frequently  varying  in  their  height,  and 
•changing  their  situation  f." 

The  following  account  by  Mr,  Macgillivray  affords  an  ad- 

•  dltional  example  of  the  tendency  of  coast-seas  to  throw  even 
the  substances  formed  in  them  upon  the  land.  *'  The  bottom 
of  the  sea,  along  the  whole  west  coast  of  the  Outer  Hebrides, 

•  from  Bar  ray  Head  to  the  Butt  of  the  Lewis,  appears  to  consist 
of  sand.  Along  the  shores  of  these  islands  this  sand  appeal's 
here  and  there  in  patches  of  several  miles,  separated  by  in- 
tervals of  rock  of  equal  or  greater  extenU  In  some  places  the 
sandy  shores  are  flat,  or  very  gently  sloping,  forming  what 
are  here  called  Fords ;  In  others,  behind  the  beach,  there  is 
an  accumulation  of  sand  to  the  lieight  of  from  twenty  to  sixty 

■  feet,  formed  into  hillocks.  This  sand  is  constantly  drifting ; 
and  in  some  places  islands  have  been  formed  by  the  removal 
of  isthmi.  The  parts  immediately  behind  the  beach  are  also 
liable  to  be  Inundated  by  the  sand ;  and  hi  this  manner  most 

I  of  the  islands  have  suffered  very  considerable  damage ...  — 
The  sand  consists  almost  entirely  of  comminuted  shells,  ap- 
parently of  the  species  which  are  found  In  the  neighbouring 
seas.  It  is  rather  coarse  in  the  grain  ;  but  during  high  winds, 
by  the  rubbing  of  its  particles  on  each  other,  a  sort  of  dust 
ii  formed,  which  at  a  distance  resembles  smoke,  and  which, 
in  the  island  of  Berneray,  I  have  seen  driven  into  the  sea  to 
the  distance  of  upwards  of  two  miles,  appearing  like  a  thin 
white  fog  J." 
It  would  be  useless  to  accumulate  notices  of  these  various 


*  riarkc  Abcl^  Voyngc  lo  Cliinn,  p.  308. 

t  Notes  appcadcd  to  Cuvicr's  Tlicur)  of  the  Earth,  by  Jameson. 
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111  tlrifts,  which  often  contain  seams  of  vegetabfe  matter 
have  been  successively  covered  up,  and  of  which  sections  are 
oiloriied  *.  The  action  of  the  waves  round  coasts  tends  to 
disturb  the  bottom  at  certain  depths,  and  to  move  the  shells, 
sands,  and  other  substances,  of  which  this  bottom  is  com- 
posed, towards  the  land.  The  exact  deptli  to  which  the  mov- 
ing action  of  waves  extends,  seeuis  never  to  have  been  very 
nccurately   estimated ;    indeed,    when   we  consider   that  the 

Eower  of  the  wave  is  continually  varying,  such  an  estimate 
cconies  exceedingly  difficult.  Ninety  feet,  or  fifteen  fathoms, 
has  been  sometimes  considered  as  the;  limit,  in  depth,  to  which 
this  disturbing  power  extends;  but  this  requires  confirmation. 
Around  coasts  and  on  shores  which  do  not  much  exceed  ten 
or  twelve  tnthoms,  the  action  of  the  waves  is  very  apparent  in 
the  discotoraUoii  of  the  water  iluritig  heavy  gales.  This  tur- 
bid character  u\'  the  sen  is  due  to  the  moving  power  of  the 
wa\'es  on  the  bottom,  and  becomes  more  marked  as  the  water 
becomes  more  sliallow,  either  in  approaching  the  land  or  over 
shoals.  The  transporting  power  of  the  waves  wilt  therefore  be 
in  proportion  to  tlie  depin  of  water  beneath  them,  the  trans- 
port being  greatest  in  the  shalluHest  places.  The  waves  will 
tend  to  throw  substances  on  coasts,  because  the  off-shore  wind 
produces  smaller  waves  than  the  wind  blowing  upon  the  land. 
On  shoals  distant  from  the  land,  the  effect  will  be  somewhat 
different,  and  the  piling  or  propelling  power  will  be  greatest 
on  the  siiie  of  the  prcvalenL  or  more  violent  winds.  Shoals 
will  be  also  liable  to  shift,  as  the  turbid  waters  on  (he  crown 
of  a  shoal  will  be  forced  over  on  the  lee  side.  Accordingly, 
we  ilo  find  that  shoals  shift,  more  particiilavly  when  near  the 
surface,  unless  there  be  an  ecptal  counteracting  effect  in  a  cur- 
rent or  tide.  We  may,  in  some  measure,  learn  the  effects  of 
waves  at  different  depths,  from  the  furm  of  the  outer  talus  of 
the  Digtie,  or  Breakwater,  at  Cherbourg,  where  they  have, 
to  a  certain  extent,  arranged  the  stones,  four-fifths  of  which 

•  Not  only  are  sand-liills  thrown  Jip  by  the  8ca,  but  also  by  Jhe  wavcH  of 
isxtcnxivc  fresh-wrtter  lukt-s.  Dr,  Bi^aby  (Jouruftl  of  Science,  vol.  xviii.) 
And  Cnpt.  Bayfield  (Trntis.  of  Lit.  and  Hist.  Sue.  of  Quebec,  vol.  i.)  both 
remark  the  benches  thrown  up  iti  the  bnys  of  Lake  Superior.  Tlie  latter 
Bdthur  notices  some  curious  lines  «f  iincient  beaches  riaing  one  above  the 
other,  like  the  seats  uf  an  nmjihithualre,  in  valleyti  at  some  distatu-c  from 
thi-'  shores  i>f  tlic  present  lake,  nnd  hence  infers  thut  the  level  of  Lake  Su- 
perior hiu  fnllen.  Similur  beaches  ore  observable  on  other  lakes  of  North 
America.  Capt.  Boyfitid  noticeil  seven  ridges  of  shingle,  rising  iibove  each 
other,  near  (ishot's  Head,  Lai<e  Huron:  the  hij;hest  was  overgrown  with 
ipnice  (irs ;  the  vecoud  iiitd  bitshes  or  unialler  trees  of  the  same  kind  ;  the 
tliir'l,  shrubs  and  flowcii* ;  ihe  fourth,  liihcns  nnd  mosses  ;  the  rc»t  being 
bare  "f  vegetation.  Dr.  llif;sby  and  C';ipi.  liiiytield  also  notice  the  miuA- 
hills  thrown  up  on  lh«  shores  of  Lake  Superior  by  the  pn-vaiitiig  N.W. 
\umds. 
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vr^z  sniaH,  111  llie  manner  West  filled  to  resist  ibenisclves.     Ac- 
;t>»-«ling  to   M.   Cachin,  there  are  four   kinds  of  l.-iEiises,  ar- 
f»n;^"<l  one  beneath  the  other.     The  upper  hne  of  taUis,  being 
;>r»l  V  touched  by  the  hi/^dier  break  ot"  the  waves,  presents  a 
beight  proportioned   to  its   base,  ns  100  is  to  185.     The  se- 
cond hne,  comprising  the  whole  distance  between  the  (ine  of" 
hij^lj  and  low  water  at  the  equinoxes,  and  thus  exposed  to  the 
buttering  power  of  the  breakers  during  the  whole  flood  and 
eV>l)«  is  conscijuently  the  most  inclined,  and  its  height  is  to  its 
bas^  as  100  to  540.     The  third   line,  being  betow  the  lowest 
water  at  the  equinoxes,  is  only  acted  upon  during  the  first  of 
tite  flood  or  the  last  of  the  ebb.   Its  height  is  to  its  base  as  100 
to  S02.     'J'he  fourth  line,  or  the  base  of  nil,  not  being  acted 
on  by  the  waves,  mnintuins  a  lakis,  of  which  llie  height  is  to 
ihebaseas  1 00  to  125*. 

The  action  of  waves  on  coasts  is  not  only  exhibited  by  pi- 
ling up  detritus  in  tlie  direction  of  their  greatest  force  on  the 
sJiore,  by  which  embouchures  of  rivers  are  turned  on  one  side, 
but  also  by  heaping  up  bars,  as  they  are  termed,  even  at  their 
ifiotiths,  rendering  their  navigation  dangerous,  and  in  many 
instances  preventing  it  altogether;  though,  behind  these  bar- 
■  riers,  the  rivers  may  have  considerable  depth  and  breadth. 
H  In  some  situations  these  bars  are  partially  dry  at  low  water,  at 
V  irthcrs  they  are  never  uncovered,  though  rendered  visible  by 
'      the  breaking  of  a  furious  surf.      To  produce  examples  would 
be  useless,  as  they  are  common  in  all  parts  of  the  world.     In 

I  many  cases,  the  bars  are  liable  to  shift,  pailicularly  after  a 
Cale  of  wind,  so  that  vessels  are  frequently  lost  by  keeping  the 
direction  of  the  okl  channels  ;  and  it  requires  the  constant  at- 
tcmtion  of  pilots  to  be  awure  of  the  exact  position  of  the  new 
pawnges. 
When  the  rivers  are  small,  the  force  of  the  waves  frequently 
blocks  up  their  embouchures,  and  artificial  means  are  jjcces- 
sary  to  permit  the  escape  of  the  pent-up  waters,  ihat  would 
<»lhcrwise  form  a  lakt;  in  the  low  country  behind.  If  the  dam 
be Q  shingle  beach,  the  water  usually  ]iercolales  through  it; 
but  if  composed  of  sand,  the  water  will  accumulate  until  its 
level  enables  it  to  cut  a  passage  through  the  barrier  and  es- 
wpc  This  done,  the  breach  will  be  again  repaired,  and  an- 
'•tner  accumulation  of  water  take  place  behind,  and  so  on. 
But,  in  the  mean  time,  the  level  of  the  low  land  would  rise, 
firxt,  by  deposition  from  the  river  waters;  and,  secondly, 
t^rom  the  .sand  blown  over  the  bank.  In  such  an  alluvial  land 
ilierc  would  probably  be  Ibund  remains  <tf  terrestrial,  fresh- 
*"U;r,  and  even  marine  shells,  the  latter  worn  or  broken. 


•    Mem.  lie  t'Acatluniic,  loin,  vii,  p.  IIG. 
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Rivers  nre  Jeflecteii  from  their  courses  into  tlie  sea  Dy 
beaches  extending  from  one  side,  and  produced  by  the  winds 
and  breakers;  both  forcing  detritus  before  them,  if  it  be  com- 
posed of  sand  or  comminuted  shells,  while  tiie  latter  acts  upon 
the  shingles  alone,  except  when  light  pebbles  are  caught  up 
in  the  heavier  spray,  and  are  thus  driven  by  the  wind.  Ex- 
amples of  this  deflection  may  be  seen  in  many  situations,  and 
the  harbour  of  Shoreham,  on  our  southern  coast,  is  a  marked 
one*. 

Rivers,  when  thus  deBected  from  their  courses  by  beaches, 
generally  escape  into  tlie  sea  by  the  sides  of  cliffs,  which  seem 
lo  give  them  such  support  that  they  can  cut  channels. 

In  tropical  countries  the  breakers  commonly  tlirow  up  bar> 
riers  against  the  advance  of  the  mangrove  trees,  either  from 
a  deep  bay  or  creek,  or  at  the  mouths  of  rivers,  if  they  come 
within  their  influence.  Capt.  Tuckey  remarks,  that  ^'  the 
))eninsulaofCape  Padron  and  Shark  Point,  which  forms  the 
south  side  of  the  estuary  (of  the  Zaire),  has  been  evidently 
formed  by  the  combined  de|K)sitions  of  the  sea  and  river,  the 
external  or  sea  shore  being  formed  of  quartzy  sand  constitu- 
ting a  steep  beach  ;  the  internal  or  river  side,  by  a  deposit  of 
mud  overgrown  by  mangroves  ;  and  both  sides  of  the  river  to- 
wards its  mouth  are  of  similar  formation,  intersected  by  nu- 
merous creeks  (apparently  forming  islands),  in  which  the 
water  is  perfectly  torpid."  This  mangrove  tract  appears  to 
extend  inland,  on  both  banks,  about  seven  or  eight  miles,  and 
is  represented  as  inif)enetrable.  Did  not  the  sea  pile  up  a  bar- 
rier against  it,  and  thus  afford  it  protection  from  its  own  at- 
tacks, it  would  be  destroyed  f .  Similar  phaenomena,  though 
on  a  much  smaller  scale,  are  seen  at  the  mouths  of  the  Rio 
Minho,  and  other  rivers  in  Jamaica.  Beaches  are  accumu- 
lated in  front  of  mangrove  trees,  under  somewhat  similar  cir- 
cumstances, in  tlie  same  island,  on  the  south  side  of  which, 
particularly  near  Albion  estate,  lakes  are  formed  on  the  inside 
of  a  shingle  beach  thrown  up  by  the  sea.  The  lake  near  Al- 
bion has  a  small  opening  in  the  protecting  bank,  permitting 
the  surplus  water  to  escape ;  this  water  being  apparently  de- 
rived from  the  drain  of  the  mountains  behind,  and  the  splash 
of  the  sea  during  gales.  The  mountain  drainage  has  carried 
much  mud  into  the  lake,  upon  which  mangrove  trees  have 


*  Sec  Geological  Notes,  pi.  I.  fi^ 
niUo«opliy,  N.  S.  vol.  rM.  pi.  11.  ng. 
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f  RjqMdHion  to  the  Zaire  or  Congo,  p.  85.  This  author  further  remarlu, 
(list  "miaU  itlandfi  hare  in  many  places  been  fomiedi  by  the  current  (of  the 
river) ;  aod  (ioubtle!iii  in  the  rainy  season,  when  tJic  stream  is  at  its  niaxi- 
mtun,  these  islands  may  be  entirely  separated  from  it«  banks,  and  the  en- 
twined routs  kcepiiiz  the  tree*  tn^vthor,  they  will  float  down  the  river,  aitd 
merit  the  name  of  floating  islaudji." 
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itablished  themselves.  Tbese  by  their  roots  entangle  various 
)ti$lances,  and  form  Unci,  the  accumulation  being  a  com" 
jund  of  mineral,  v^etable  and  animal  subst^uices*.  A  much 
irger  lake  of  the  same  description  is  found  under  Yallah's 
fountain,  the  most  projecting  part  of  the  beach  forming 
f Allah's  Point  +. 

The  bank  called  the  Palisades,  at  the  end  of  which  stands 

Fort  Royal,  Jamaica,  seems  thrown  up  by  the  action  of  the 

prevalent  breakers,  caused  by  the  sea  breeases,  or  winds  from 

tlie  east  and  south-east,  which  propel  the  materials  of  the  beach 

torn  east  to  west.     This  bank  is  between  ei^ht  and  nine  miles 

ftng,  of  little  elevation  above  the  sea,  having  a  beach  on  the 

lleaward  front,  with  mangrove  trees  on  many  parts  of  the  in- 

tard  side.    If  the  passage  between  the  western  end  of  this  bank 

[id  the  land  opposite  to  it  should  be  barred  up  by  a  continua- 

>n  of  the  bank,  a  large  lake  would  be  inclosed,  into  which 

blie  Rio  Cobre  would  discharge  itself.     The  mangrove  trees 

[urould  assist  in  the  formation  of  new  land,  in  which  a  mixture 

bof  marine,  fresh-water,  and  terrestrial  remains  might  be  en- 

»mbed. 

Mangrove  trees  afford  support  to  beaches  thrown  up  by  the 

and  if  such  a  beach  originated  from  a  shoal,  tliere  is  al- 

»ys  a  tendency  to  increase  land  to  leeward  by  their  agency. 

Iprotection  being  once  affortied,  the  mangrove  trees  establish 

lemselves,  and  accumulate  silt,  mud,  and  drifi-rubbish  about 

leir  roots.     Thus,  support  is  aflbnled  to  the  original  bank^ 

nd  new  materials  are  piled  upon  it  to  windward  by  the  action 

"the  breakers,  additional  consolidation  being  produced  by 

[the  tropical  sea-side  creepers.     Meanwhile  the  advance  to  lee- 

[ward  continues,  until  the  land  immediately  against  the  beach 

'  Woming  too  dry  for  the  support  of  the  mangrove  trees,  others, 

Piore  suited  to  the  new  land,  establish  themselves ;  and,  finally^ 

ve  of  cocoa-nut  trees  may  gradually  appear  ^:. 

Tides  and  Currents. 
The  principal  motions  in  the  waters  of  seas  aiKt  oceans  are 

*  For  a  KCtion  of  this  lake,  see  Sections  and  Views  illvislrativc  of  Geu- 
^picd  rha'nomena,  pi.  .'55.  fig.  6. 
t  Thc»e  waters  contain  a  multitude  of  alligators. 
!  Knrn  srctinri  ofsucii  nn  i&lund  near  inmuica,  sec  Sections  aitd  View* 
•Uwtnaive  of  Geologicd  PluL'uoniena,  pi.  36.  fig.  2. 

Aocordiug  to  M.  Gutsmuth,  the  great  band  of  alluvial  matter,  deposited 

by  the  %ea  ior  a  distance  of  200  miles  between  the  Maranon  and  Oronoco, 

<i  by  tbc  mangrove  trees,  wliich,  when  the  deposits  xtiil  continue 

■tdvaiice  into  the  ihallow  !iea  and  soon  form  u-noda.     ( f lerthtt,. 

»■'..  c      i.^.V.)     In  this  and  similar  cases  we  may  cnnsittcr  that,  from  thit 

^•hallow ncss  of  the  sea,  heavy  breakers  caiuiol  reach  llic  mungrove  Irccv 

1  therefore  a  beach  is  not  thrown  up  ogainjit  them, 
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prmluced  by  tides  anil  currents ;  the  former  due  to  the  action 
of  the  sun  and  moon,  the  latter  probably  caused  by  the  winds 
and  the  motion  of  the  earth. 

The  streams  of  water  caused  by  tides  are  chiefly  felt  on 
coasts,  while  the  currents  produced  by  winds  are  more  or  less 
experienced  over  the  whole  surface  of  the  ocean.  It  must 
frequently  happen  that  the  direction  of  a  tide  and  a  current 
being  the  same,  they  add  mutually  to  the  velocity  of  each 
other,  while  the  contrary  arises  with  opposed  courses. 

The  streams  of  water  protluced  by  tides  and  currents  ure 
geologically  important,  as  they  may  he  the  means  of  distribut- 
ing the  detritus  derived  from  the  land  over  spaces  at  a  greater 
or  less  distance  from  the  shore;  their  power  of  affecting  this 
being  proportioned  to  tlieir  velocity  and  deptli>  .^ 

Tides.  ^ 

The  velocity  of  a  stream  of  tide  depends  on  the  obstacles  it 
encounters.  These  obstacles  generally  present  themselves  in 
the  form  of  projecting  headlands,  a  gradually  diminishing 
channel,  or  a  group  of  islands  and  shoals.  In  the  former  case 
the  velocity  oflhe  tide  is  considerably  increased  round  the  op- 
posing capes,  gradually  diminishing  to  its  usual  rate  at  a  short 
distance  on  either  side,  or  in  the  offing.  The  English  Chan- 
nel will  present  tis  with  many  examples,  more  or  less  striking, 
according  to  circumstances.  Round  the  Start  and  the  Bill  of 
Portland  the  tides  run  exceedingly  strong,  causing  dangerous 
Races  when  opposed  to  the  winds.  But  these  consicierable 
streams  of  tide  are  merely  local ;  for  tn  the  bays,  and  at  a  short 
distance  out  at  sea,  the  velocity  of  the  tides  does  not  exceed 
a  mile  and  a  half  or  two  miles;  white  at  the  headlands  above 
noticed,  it  frequently  flows  at  the  rate  of  four  or  five  miles*. 
Generally  speaking,  the  increased  velocity  of  the  tidal  stream 
round  capes  is  in  proportion  to  the  body  of  water  forced  into 
the  bays  of  which  they  form  the  extreme  points. 

The  greatest  obstacle  opposed  to  the  tidal  wave  flowing  up 
the  English  Channel,  is  the  great  bight  on  the  west  of  Cap  la 
Hague,  where  we  find  innumerable  islands  and  rocks,  of  which 
the  principal  are  Guenisev,  Jersey,  and  Alderney.  The 
stream  of  flood  being  completely  opposed  to  the  line  of  coast, 
and  pent-up  by  the  islands  and  rocks,  it  rises  to  a  very  consi- 
ileruble  height,  and  escapes  through  the  Race  of  Alderney,  be- 
tween the  island  of  the  same  name  and  the  main  land,  with 
a  velocity  of  seven  miles  an  hour.  It  continues  to  run  with 
great  rapidity  round  Ca|)  Barfleur,  gradually  decreasing  in 

*  All  itie  miles  uicDliuiiciJi  iji  iLl-  i'ollowiiig  notice  ai  tides  uiid  currents 
ast  iiButicul,  sLxu  being  equnl  to  uiic  degree. 
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strength  until  tlie  general  level  is  restored.  Some  idea  may 
lie  formed  of  tlie  variation  in  the  Channel  level,  caused  by 
this  obstacle,  by  the  diAereiice!>  in  tlie  rise  of  tide  observed  be- 
tween the  mouth  of  the  Cliannel  and  the  Straits  of  Dover. 

The  perpendicular  rise  of  tide  on  each  side  of  the  mouth  of 
llie  Channel  is  nearly  the  same,  bein^  twenty-one  feet  at 
Ushanl,  and  twenty  feet  at  the  Land's  End.  In  the  great 
l)i;»ht  or  bay  west  of  Cap  la  Hague,  the  tiile  rises  forty-five 
feet  between  Jersey  and  St.  Malocs,  and  thirty-five  feet  at 
Guernsey.  At  Cherbourg  this  great  elevation  of  the  level  is 
diminished  ;  the  tide  there  rising  about  twenty-one  feet.  On 
the  opposite  side  of  the  Channel,  on  the  English  coast,  the 
erpendicular  rise  of  the  tidal  wave  is  comparatively  trifling, 
ing  thirteen  feet  at  Lyme  Regis,  seven  feet  in  Portland 
Head,  fifteen  feet  at  Cowes,  and  eighteen  feel  at  Beacliy  Head. 
Therefore,  the  elevated  level  of  the  Guernsey  anti  Jersey 
^waters  produces  no  perceptible  efiect  on  the  English  coa.sl  op- 
jYosite.  Between  Beachy  Head  and  Dover,  there  is  a  rise  of 
wenty-four  feet  on  the  west  of  Dungeness,  and  twenty  feet  at 
"Folkestone.  On  the  opposite  coast  there  is  a  rise  of  twenty 
feet  at  Havre,  nineteen  feet  at  Diep|)e,  and  nineteen  feet  at 
Boulogne.  The  tides  are  twenty  feet  at  Dover^  and  nineteen 
feet  at  Calais. 

The  Bristol  Channel  is  a  familiar  example  of  a  Jiigh  rise  of 
tide  caused  by  n  gradually  contracted  chauuel,  at  tlie  end  of 
which  there  is  no  outlet.  At  St.  Ives,  Cornwall,  the  perpeii- 
ilicuhir  rise  of  the  spring  tides  is  eighteen  feet,  of  the  neap 
tidfs  fourteen  feet*.  At  Padstow  the  tide  rises  twenty-four 
f«l;  at  Luiidv  Island,  thirty;  at  Minehead,  thirty-six;  at  King 
Road,  near  Bristol,  from  forty-six  to  fifty;  and  at  Chepstow, 
about  the  same. 

The  difference  of  level,  produced  by  obstacles  to  the  tide, 
is  remarkably  exhibited  on  each  side  of  the  isthmus  separating 
Nftva  Scotia  from  the  main  land  of  North  America.  In  the 
Bay  of  Fundy,  on  the  south  side,  the  tides  have  a  very  consi- 
derable rise,  amounting,  accoiding  to  Des  Barres,  to  sixty  and 
seventy  feet  at  the  equinoxes;  while  on  the  northern  side,  isi 
Boie  Verte,  they  rise  and  fall  only  eight  feeL  The  tidal  stream 
is,  as  might  be  expected,  very  rapid  in  these  gradually  dimi- 
nished channels,  particularly  where  the  rise  and  fall  is  most 
connitlerablc.  This  unusual  rapidity  ceases  by  degrees  as  we 
Approach  the  mouths  of  such  channels,  and  arrive  at  the  more 
eonuMon  levels. 

From  the  great  diversity  in  the  line  of  coasts,  innumerable 
modifications  are  effected  in  tidal  streams^  causing  them  to 

*  The  rise  of  tide  at  St  Ives  is  lometimfa  stated  nl  twenty*two  feet. 
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flow  with  augmented  or  diminished  velocity.  As  such  streams 
are  only  visible  on  coasts,  it  seems  fair  to  infer  that  the  effects 
produced  by  them  do  not  extend  to  any  considerable  distance 
beyond  the  land. 

The  tide  in  the  offing,  and  the  tide  along  shore,  do  not  ex- 
actly correspond,  the  flood  tide  continuing  in  the  offing  some 
time  after  the  ebb  has  commenced  on  shore ;  the  ebb  tide  the 
same.  It  has  been  stated  that  ''  the  length  of  time  between 
the  changes  of  the  tide  on  the  shore  and  the  stream  in  the 
offing,  is  in  proportion  to  the  strength  of  the  current  and  tiie 
distance  from  the  land  ;  that  is,  the  stronger  the  current,  and 
the  greater  the  distance  that  the  current  is  from  the  land,  the 
longer  it  will  run  after  the  chaitge  on  the  shore*." 

Among  the  small  islands  of  the  Pacific  Ocean  the  tide  rises 
about  two  feet,  tliere  being  no  great  range  of  coast  near  them 
to  produce  a  greater  elevation.  At  the  islands  of  the  Atlantic 
Ocean  the  rise  is  greater,  being  at  the  Azores  from  six  to  seven 
<eet;  at  Madeira,  eight  or  nine;  among  the  Canaries,  eight  or 
ten ;  at  the  Cape  Verde  Islands,  from  tour  to  six ;  at  the  JBer- 
mudos,  five  or  six ;  at  St  Helena,  three ;  at  Fernando 
ronho,  six ;  and  at  Tristan  da  Cunho,  eight  or  ten  feet. 

The  stream  of  tide  along  a  coast  is  greatly  increased  at 
time  of  full  and  new  moon,  so  that  at  spring  tides  the  current 
often  runs  ut  double  the  rate  experiencetl  at  neap  tides.  The 
transporting  power  of  tidal  streams  is  dierefore  perpetually 
changing,  independent  of  the  variations  produced  by  winds 
upon  them. 

From  various  circumstances  the  tides  of  flood  and  ebb  nre 
sometimes  unequal.  Thus,  at  the  Land's  Knd  thu  flood  runs 
nine  hours  to  the  north,  and  the  ebb  three  to  the  south.  In 
the  expedition  under  Captains  Parry  and  Lyon,  it  was  found 
that  in  the  higher  part  of  Dnvis'^s  Straits  the  flood  tide  set 
from  the  north  at  the  rate  of  three  miles  an  hour  for  nine 
hours,  the  tide  of  ebb  making  only  three  hours. 

A  current  setting  into  the  Straits  of  Malacca,  during  part 
of  the  year,  causes  the  tide  to  run  nine  hours  one  way  and 
three  liours  the  other.  The  tides  ore  irregular  through  the 
Straits  of  Banco,  with  an  easterly  wind.  The  ebb  stts  to  the 
northward  for  sixteen  hours,  while  the  flood  only  lasts  eight 

•  Purdy,  Atlantic  Memoir,  1829.  In  the  same  work  it  is  stnted  that 
"  the  time  which  the  flood-stream  run«  in  the  middle  of  the  English  t'hnnitel 
after  the  time  of  high  water  on  shore,  is,  westward  of  the  meridian  of  Port- 
land, about  throe  hours;  but  to  the  eastward,  oifBeachy  Head,  only  one 
hour  and  tiirce  qiiartcra.  In  the  offing,  between  the  meridians  of  Dunge- 
neu  sod  Folkestone,  the  Nortli  Sea  and  Channel  tides  seem  to  meet ;  and 
the  ebb  of  the  one  uniting  with  tlie  flood  of  the  other,  set  in  an  easterly  di- 
rection otr  the  French  coast,  more  than  four  hours  after  hi|:h  water  on  tfH 
western  shore  of  Duugeness."  p.  88. 


I  hours.  In  common  tales  there  me  two  floods  and  two  ebbs  ia 
bi^enty-eight  hours  in  these  straits^  the  duration  of  which  is  ia 
some  sort  regulated  by  the  winds:  the  flood  lasts  six  hours, 
and  the  ebb  eight  hours ;  or  there  are  five  hours  flood,  and 
nine  hours  ebb. 
The  tides  are  very  trifling  and  irregular  in  the  West  Indies^ 
perhaps  owing  to  the  accumulation  of  water  pent  up  by  the 
equatorial  current  and  trade  winds.  At  Vera  Cruz  there  is 
only  one  tide  in  twenty-four  hours,  and  that  irregular.  Among 
these  islands  the  tide  varies  in  perpendiculnr  rise  from  a  few 
inches  to  two  feet  or  two  feet  and  a  half.  The  stream  or  cur- 
rent produced  by  them  must  consequently  be  very  trifling. 

P  Theoretically,  all  bodies  of  water,  even  large  fresh-water 
Inkes,  have  tides ;  but  they  are  so  insignificant  that  inland  seas, 
such  as  the  Mediterranean  and  Black  Seas,  are  generally 
termed  tideless. 

The  current  setting  into  the  Mediterranean  from  the  At- 
lantic ia  somewhat  modified  by  the  tides.  In  the  miildle  of 
the  Straits  of  Gibraltar  the  curi  ent  sets  eastward ;  on  each  si<le, 
however,  the  flood  tide  sets  to  tlie  westward. 

"On  the  European  side,  west  of  the  island  of  Tarifo,  it  is 
iiigh  water  nt  11**,  but  the  stream  without  continues  to  run 
until  S"".     On  the  opposite  shore  of  Africa,  it  is  high  woter 

Iot  lo*',  and  the  stream  without  continues  to  run  until  one 
o'clock  ;  after  which  periods  it  changes  on  eitlier  side,  and  runs 
eastward  with  the  general  current.  Near  the  shore  are  many 
changes,  counter  currents  and  whirlpools,  caused  by  and 
wrj-ing  with  the  winds.  Near  Malnga  the  stream  runs  along 
ihore  about  eight  hours  each  way.  'I'he  flood  sets  to  the 
wwtward  *." 

Hie  strongest  tides  of  which  I  can  find  mention,  occur 
WDonp  the  Orkney  and  Shetland  Isles,  and  throiiufh  the  Pent- 
iMid  Frith,  between  the  main  land  of  Scotlund  ntul  the  former. 
'n»e  flood  comes  from  the  north-west,  and  is  not  of  unusual 
Mreiigth  until  it  encounters  the  obstacles  of  the  islands  nnd  main 
land.  The  tides  change  near  the  shores  sooner  than  at  a  di- 
stance from  them.  The  difference  ol  time  varies  according  to  si- 
Uution,  amounting  in  some  places  to  two  or  three  hours.  The 
Velocity  of  the  tide  through  Stronsa  Frith  is  about  five  miles 
in  hour  during  spring  tides,  and  a  mile  or  a  mile  and  a  half 
ni  tieaps.  In  North  Ronaldsha  Frith,  the  springs  run  at  five 
miles  an  hour ;  the  neap  tides  at  oite  mile  and  a  half.  The 
flixnl  divides  near  the  shore  at  Fair  Isle,  forming  a  large  eddy 
on  the  east  side.  The  springs  here  run  six  miles  an  hour, 
the  neaps  two.  These  tides  increase  in  velocity  when  sup- 
p^Ttftd  by  the  winds.     The  most  rapid  stream  of  tide  occurs 

•  Pitrtly,  Atlanlir  Memoir,  p.  00.     Tlie  tide  r'lMs  three  tVel  «t  MalngB. 
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at  the  FentI  irtd  Fj-iih,  its  velocity  bein^  nine  miles  an  bour 
iliiriog  the  springs,  thougli  it  runs  only  tnree  miles  an  hour  at 
neap  tides. 

Tides  in  Rivers  and  Esliuiries. — These  are  necessarily  much 
motlifietl  by  circumstances;  but,  generally  speaking,  the  tide 
of  ebb  is  stronger  than  the  ilood,  i'rom  the  body  of  fresh  water 
being  pent  UJ1  by  the  flood,  to  which  the  rivers  must  always 
present  a  certain  resistance,  proportioned  to  their  velocity  and 
abundance  of  water ; — the  greatest  resistance  to  the  flooil,  ami 
increased  velocity  of  the  ebb,  being  during  freshets,  or  wheu 
the  rivers  have  a  surcharge  of  water  pioduced  by  rains  in  tlie 
interior. 

When  the  flooil  tide  takes  place  in  rivers  of  sufficient  depth, 
the  first  operation  of  the  ttiie  appears  to  be  that  of  a  wetlge, 
elevating  the  fresh  water  from  its  inferior  specific  gravity  to  a 
higher  level.  The  flood  gradually  opposes  greater  resistance 
to  the  outflow  of  the  river,  and  in  the  end  succeeds  in  damming 
it  up.  I  have  found  many  fishtrmen  aware  of  this  "  creej)- 
ing,"  as  they  have  termed  it,  of  the  salt  water  bcpeaih  the 
fresh  at  the  commencement  of  the  flood,  and  have  seen  a  rise 
of  five  or  six  feet  causetl  in  water  In  the  higher  parts  of  tidal 
rivers,  while  the  water  so  raised  has  continued  perfectly 
fresh  at  the  surface. 

At  the  ebb,  if  the  fresh  or  river  waters  be  abundant,  they 
will,  after  the  salt  water  has  been  discharged^  How  over  the 
salt  water  to  greater  or  less  distances  fruui  the  shore  accord- 
ing to  circumstances.  After  the  rains,  a  strong  freshet  sets 
do^vn  the  Senegul,  and  a  poweiiul  current  of  fresh  water  runs 
some  distance  out  at  sea.  Masters  of  vessels  crossing  this 
stream  have  been  sur|)risect  by  the  sudden  increased  draught 
of  their  ships,  caused  by  tlieir  entrance  into  a  fluid  of  inferior 
specific  gravity. 

Captain  Sabine  states,  that  while  ^n'oceeding  in  his  voyage 
faom  Maranhain  to  Trinithid,  on  !se[itemher  10,  J822»  the 
general  current  running  at  the  great  rate  of  ninety-nine  miles 
ni  twenty-four  liouis  (mure  than  four  miles  per  hour),  they 
crossed  discoloured  water  in  .5°  08'  N.  hit.,  and  51)°  28'  \\' . 
long.  He  coM>.iders  this  water  as  that  of  the  river  Amazons 
or  Maranon,  wliich  had  preserved  its  original  impulse  three 
hundred  miles  from  its  embouchure,  having  floweil  over  the 
waters  of  the  ocean,  from  its  less  specific  gravity.  The  line 
l)etween  the  ocean  water  and  discototu-ed  water  was  very 
distinct,  and  great  numbers  of  gelatinous  marine  animals  were 
floating  on  the  eilge  of  the  river  water.  The  temperature  of 
the  ocean  water  is  stated  as  =  61 ''•I,  and  that  of  the  supposed 
river  water  =  8  1^*8,  both  near  the  division  line:  "  the  specific 

fravity  of  the  former  was  1  0262,  and  of  the  latter  HJSO*." 
rom  experiments  made,  the  depth  of  the  discoloured  water 


I 
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was  superficial,  and  dttl  not  amount  to  126  feet.  There  wns 
no  bottom  at  105  rallioins.  In  this  discoloured  water  liie  ship 
was  set  N.  38°  W.,  sixty-eight  miles  in  twenty-four  hours,  or 
rather  less  than  three  miles  per  hour.  The  western  side  of 
the  fresh  water  was  gradually  lost  in  that  of  the  sen.  Captain 
Sabine  attributes  the  unusual  velocity  of  ilie  ocean-current  of 
nii»ety-nine  miles  per  day,  to  the  obstacle  which  tlii:>  Iresh- 
water  current  opposes  to  it*. 

In  the  river  St  Lawrence  we  have  a  striking  example  of 
the  superior  velocity  of  the  ebb  tide  to  ilie  flootl.  "  At  the 
Isle  of  Coudre,  in  spring  tides,  the  ebb  runs  at  the  rate  ot'  two 
knots.  The  next  strongest  tide  is  between  Apple  and  Basque 
es;  the  ebb  of  the  river  Saguenay  uniting  here,  it  runs  full 
ren  knots  in  spring  tides;  yet,  aUhoui;h  ihe  ebb  is  so 
strong,  the  flood  is  scarcely  perceptible ;  and  below  the  Isle  of 
Bic  there  is  no  appearance  of  a  flood  tidef." 

The  great  difference  in  the  ebb  and  flood  of  river  tides  must 
pend  on  many  local  causes,  but  bt- principally  in  proportion 
the  perpendicular  rise  of  tide  on  liie  one  side,  and  the  mass 
fresh  water  on  the  other.  The  fliooil  tide  »els  up  many 
vers  so  suddenly,  as  to  cause  a  wave  of  greater  or  less  njag- 
itude,  according  to  circumstances,  called  the  Itote^  appearing 


•  Experiments  to  d«t«nnine  the  Figijre  of  the  Earth- 
We  have  otlicr  accounts  of  discoloured  waters  in  the  Atlantic,  which  would 
nder  it  neccsiary  ihat  the  specific  gravity  and  reistive  freshness  of  simply 
S«coloiircJ  water  should  always  hi-  ascertained,  as  was  (Hone  hy  Captain 
bine,  before  we  can  be  certain  that  waters  even  flowing  in  the  necessary 
were  derived  from  rivers.  Captain  Cosni^  de  Churruca  Btutes,  that 
_  e»  to  the  eastward  of  St  Lucia,  and  1-'>U  to  the  N.E.  of  the  Orinoco, 
kit  always  discoloured  water  as  if  on  soundings,  but  there  is  no  bottom 
fathoms.  Tlje  same  appearances  are  observed  about  seventy  or  eighty 
lagucs  to  the  eastward  of  Burbatiocf.  Hua^boldt  notices  a  place  in  the  la- 
de of  Dominica  at  about  oo^  V>.  longitude,  where  the  sen  i?  constantly 
'  y,  aiUhou|;h  it  i«  I'ery  deep  ;  and  setemx  to  think  thai  there  may  ]>088ib]y 
volcano  beneath  it.  Caplain  Tuckey  observed  the  same  kind  of  milki- 
upoii  entering  the  Gulf  of  { ruinea ;  but  considered  it  due  to  multi  tu(le»  of 
cea  which  were  caught,  and  which  produced  great  luniinu.<;ity  at  night. 
Gore  Ouseley  mentions  that  on  Febmary  12,  1811,  when  of!' the  Ara- 
'  I .  a  partial  line  o{ preen  M'aJ'cr,8iich  as  geneially  indicates  shallows, 
dy  different  from  the  blue  of  a  deep  sea,  Vio-n.  perceived  extending 
n  1  ..illy.  It  appeared  eig-ht  or  nine  miles  from  the  Iniid.  The  change 
m  tlie  blue  to  the  green  waters  wa:i  sudden,  so  that  lite  ship  was  in  green 
bine  waters  at  the  same  time.  Having  entered  the  green  water  they 
dcd.  Mid  found  bottom  at  seventy-nine  fathoms;  proving  that  the  change 
reolour  was  not  due  to  a  shoal;  for  previous  to  entering  tliis  water  they 
ded  in  the  blue  water,  and  found  sixty-three  lathums,  so  that  the  blue 
more  shallow  than  the  green  water.  This  was  observed  not  far  from 
iAn  fiulf. — Sir  Gore  Ouseley,  Travels,  vol.  i. — In  this  case  there  wa» 
river  near  to  produce  tlie  ditFerence  of  colour.  "  Greeit  Sea  "  is  the 
givfn  to  the  Persian  Gulf  by  Kastenv  geographers. 
Pludy,  .\llanlic  .Memoir,  p.  'Jl. 
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as  if  the  flood  suddenly  overcame  the  resistance  of  tlie  ebb. 
The  bore  of  the  Ganges  is  very  considerable.  According  to 
Major  Rennet,  it "  commences  at  Hughly  Point,  below  FuJta, 
the  place  where  the  river  first  contracts  itself,  and  is  percep- 
tible above  Hughly  Town ;  and  so  quick  is  its  motion,  that  it 
hardly  employs  four  hours  in  travelling  from  one  to  the  other, 
although  the  distance  is  near  seventy  miles.  At  Calcutta,  it 
sometimes  causes  an  instantaneous  rise  of  five  feet;  and  both 
here  and  in  every  other  part  of  its  track,  die  boats  on  its  ap- 
proach immediately  quit  the  shore,  and  make  for  safety  to  the 
middle  of  the  river  ♦." 

According  to  Romme,  tliere  is  a  considerable  bore  at  the 
mouth  of  the  Amazons  or  Maranon  during  thi'ee  days  at  the 
equinoxes,  it  is  observed  between  Maraca  and  the  North 
Cape,  and  opposite  the  mouth  of  the  Arouary.  A  wave  of  twelve 
or  fifteen  feet  in  height  is  suddenly  formed,  and  is  followed  by 
three  or  four  others.  The  advance  of  this  bore  is  exceedingly 
rapid,  and  the  noise  caused  by  it  is  stated  to  be  heard  at  the 
distance  of  two  leagues.  It  occui>ies  the  whole  breaddi  of  the 
river,  and  in  its  progress  carries  all  before  it  until  it  has  passed 
the  banks  into  deeper  and  wider  water,  where  it  ceases.  M.  De 
la  Condamine  has  described  this  phsenomenon,  and  has  ob- 
served that  there  are  two  opposing  currents  during  the  flood, 
one  superficial,  the  other  deep.  There  are  also  two  super- 
ficial currents,  one  setting  by  the  shore  on  each  side,  while  a 
central  but  retarded  current  descends.  Tides  are  stated  to  be 
felt  two  hundred  leagues  up  the  Amazons,  so  that  there  are 
several  in  the  river  at  the  same  time,  and  the  surface  of  the 
water  for  that  distance  forms  an  undulating  line. 

The  most  curious  bore  which  I  find  recorded,  was  observed 
by  Monach,  Port  Commandant  at  Cayenne :  he  states,  that 
*'  the  sea  rises  forty  feet  in  less  than  five  minutes  in  the  Turury 
Channel,  river  Arouary;  that  this  suddenly  elevated  water 
constitutes  the  whole  rise  of  tide,  the  ebb  immediately  taking 
place,  and  running  with  great  velocityf ." 

In  the  Zaire  or  Congo  we  have  an  example  of  the  compa- 
ratively small  effect  of  the  tide  upon  a  large  body  of  fresh  water 
discharged  with  sufficient  velocity.  Notwithstanding  the  aid 
of  Massey's  machine,  bottom  was  not  found  in  Tuclcey's  ex- 
pedition at  1 13  fathoms  in  mid-channel  and  at  the  mouth,  and 
the  stream  ran  at  the  rate  of  four  and  five  miles  an  hour|. 
This  stream  became  checked  but  not  overcome  in  mid-channel, 
and  the  tide  only  produced  counter  currents  near  the  shore. 
The  rise  of  water  is  felt  between  thirty  and  forty  miles  up  the 

•  Phil.  TrauB. 

•|-  Uomme  :  Vente,  Mai'^es  ct  Courants  du  Globe,  torn.  ii.  p.  302. 

jit  Lai  b4>en  aincc  supposed  thai  ihin  stream  hud  greater  velocity. 
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TnTraTlnm!  is  conlinually  forming  into  flat  islands, 
fhich  nre  covered  by  mangrove  trees  and  papyrus,  luul  are 
paniaUy  or  wholly  carried  by  the  river  inio  the  ocean*. 
'mlessor  Smith  describes  a  floating  isle  of  this  kind  which  he 
iw  further  north  otf'lhe  coast  of  Africa;  it  was  "  about  120 
Jong,  and  consisted  of  reeds  resembling  the  Donaxy  and  a 
of  jigrostis  ?  among  which  were  still  growing  some 
iches  oK  Justiciary 

Cxirrcnis, 

Currents  are  sometimes  classed  as  constant,  periodical^  and 
iniporary. 

'J  he  great  current  which  flows  from  the  Indian  Ocean  round 

le  Cape  ol"  Gaud  Htipe,  up  the  coast  of  Africa  to  the  equa- 

)rial  regions,  whence  it  strikes  across  (he  Atlantic  to  the 

Vest  Inilics,  is  considered  a  constant  current,  produced  by 

Je  tropical  or  trade  winds,   assistetl  by   the  motion  of  the 

irth.     The  current  h^.ving  driven,  by  these  means,  a  body 

"water  to  the  continent  of  America,  through  which  it  cannot 

ape,  passes  up  ihroiigli  the  channel  offered  it  at  the  Straits 

Florida,  flows  considerably  to  t!ie  northward,  and  then 

snda  to  the  eastward,  and  south-east,  taking  its  course  to  the 

tifest  coast  of  Europe  and  the  upper  part  of  Africa.     It  is 

jconsidered  that  the  latter  division  of  the  current  again  unites 

llrith  the  northern  portion  of  the  equatorial  current,  and  again 

llraverses  the  Atlantic. 

Between  Cape  Bassos  in  Africa  and  tlie   Laccadives  or 

^kdivas,  there  is  a  constant  current  to  the  westward,  mostly 

[to  the  S.W.  or  W.S.W.     Its  rate  is  supposed  to  be  from 

Itight  lo  twelve  miles  per  day.      The  current  south  of  the 

jtouatur,  in  the  Indian  Sea,  runs  to  the  west.     During  the 

jK.E.  tnon&oou  the  currents  of  the  Mosambiquc  Channel  run 

to  the  south  along  the  African  coast,  and  even  in  the  oflingt 

tlieir  usual  velocity  being  about  seven  or  eight  leagues  m 

twenty-four  hours.     On  tiie  coast  of  Madagascar  the  currents 

take  an  opposite  direction,  and  set  towards  the  nortli.      At 

tlie  southern  extremity  of  Africa,  the  currents  set  round  the 

bonk  of  Agulhas,  or  tlaguUas  as  it  is  more  commonly  termed, 

a  bank  orconsiderable  extent,  the  soundings  in  which  are 

described  as  mud  to  the  westward  of  Cape  LaguUas,  and  sand 

to  the  eastward,  the  latter  containing  numerous  small  shells. 

Rcnnel  informs  us  that  this  current  is  strongest  during  the 

'  winter,  and  that  the  outer  verge  of  the  stream  runs  intti  39  S. 

before  it  turns  to  the  noilhward,  ailer  which  it  proc.-eds 

•lowly  along  the  western  coast  of  Africa  to,  and  even  beyond, 

*  Tuckey't  Expedition  to  the  Zairo  or  Congo.  f  IVti.  p.  269. 
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equator 
bunk  \i  not  stated;  but  it  appeitrs  timt  oitc  vessel  was  carried 
by  it  one  hundred  and  sixty  miles  in  five  days,  or  thirty-lwo 
miles  per  dnyf. 

Beyond  St.  Hetenti,  the  current  above  noticed  unites  witli 
the  equatorial  current  of  the  Atlantic,  and  sets  across  from 
the  Ethiopic  sea  to  the  West  Indies.  The  velocity  of  this 
current  has  not  been  well  ascertained,  but  is  generally  con- 
sidered as  nbout  one  mile  and  a  ImH  pur  hour,  increasing  as  it 
proceeds  westward,  and  setting  oflTtht'  const  of  Guyana  at  the 
rale  of  two  or  three  miles  per  hour.  Captain  Sabine  states 
that,  sailing  from  Maranburn  in  1822,  and  entering  the  cur- 
rent, lie  estimated  it  as  running  at  the  rate  of  ninety-nine 
miles  in  twenty-four  htturs,  or  a  little  more  than  four  miles 
per  hour.     The  central  direction  of  this  current  is  W.N.W. 

''  On  the  Colombian  coast,  iVoui  Trinidatl  to  Cape  la  Vela, 
the  currents  sweep  the  frontier  islands,  inclining  something  to 
the  south,  according  to  the  strait  they  come  fronj,  and  running 
aDout  a  mile  ant!  u  halfau  hourwitli  little  diflerence.  Between 
the  islands  and  the  coast,  niui  [lartioularly  in  the  proximity  of 
the  latter,  it  has  been  remarked,  tluit  the  current  at  times  runs 
to  the  west,  and  at  others  to  the  east.  From  Cape  la  Vela, 
the  principal  part  of  thu  current  runs  W.N.W. ;  and,  as  it 
spreads,  its  velocity  diminishes :  there  is,  however,  a  branch 
which  runs  with  the  velocity  of  a  mile  an  hour,  directing 
itself  towards  the  coast  about  Cartagena.  From  this  point, 
and  in  the  space  of  sea  comprehended  between  l*'^  of  latitude 

•  CapUiin  Tiickey  in  his  expedition  to  the  Zaire  or  Congo,  fminJ  a  current 
setting  to  the  N.N.U'.  aiVcr  making  St.  Thonnis  olf  the  African  coast,  lli 
velocity  was  thirty-three  miles  in  t«-enly-fonr  liourii, 

t  Ab  the  current  rourn!  the*  l.ttgullns  Bank  evidently  conforms  U)  the  hatik, 
we  may,  perhaps,  "consider  that  it  there  linn  considerable  diqith,  that  is,  a 
depth  equal  to  ahoitt  Nixty  or  seventy  fathoms.  But  of  this  we  cannot  he 
quite  certain,  for  we  do  not  know  tu  what  distance  water  thrown  otf  by  th» 
bank  at  les-ser  depths  may  be  carried  rouini  it. 

'Clicrc  is  an  easterly  or  counter  current  which  seti  to  the  south  of  this  main 
current.  Capt.  Horsburgh  mentions  having  heoii  carried  by  it  at  the  rate 
of  20  to  30  miles  in  24  hours  ;  and,  in  two  instances,  at  the  rate  of  60  niiln 
ill  the  same  time. 

My  friend,  Mr.  Beclier  of  the  Hydrogrnphical  Office,  informs  me  lliat 
there  is  also  an  easterly  or  counter  current  close  to  llie  shore,  so  that  the 
main  or  western  current  flows  hetwec!!  two  eastern  or  counter  currents.  Tlie 
survey  of  tlie  coast  of  Africa,  to  tlie  east  of  the  Cape  of  Good  Hope,  wan 
made  by  Capt.  Owen  witli  the  assistance  of  this  current  against  the  full 
strength  of  the  trade  wind.  It  aUo  appears  to  exist  more  northward  of  tho 
Cape,  in  the  Atlantic. 

Kcspectiug  the  depths  to  which  sxirface  currcrts  descend,  wc  learn  from 
(•apt.  B^lclier,  that  he  found  a  current  running  with  nearly  the  same  velocity 
4t  40  fiillioms  a»  on  the  surlncc,  off  the  west  coast  of  Africa,  in  lot.  l.")"  27'  9" 
N..  and  long.  17'  .31'  50"  W.,  the  rale  beingO-75  per  iiour,and  tho  direction 
«outh, — Jour.  (i^og.  Soc.,  vol.  li. 
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cl  ihe  cuast,  it  hn&  Jiowever  been  observed,  thut  in  (be  dry 
the  current  runs  to  tbe  westward,  and  in  the  season  ol' 
[rains  to  iJie  eastward".'* 

It  is  asserted,  that  tbere  is  a  constant  stream  entering  the 
[Mexican  Gulf  by  the  western  side  of  the  channel  of  Yiu-atan  ; 
d  that  there  is  commonly  a  re-flow  on  the  eastern  side  ol" 
je  same  channel  around  Cape  Antoniof . 

On  the  northern  coasts  of  St.  Domingo  and  Cuba,  in  the 
rindward  passages,  at  Janriaica,  and  in  the  Bahama  passages, 
le  currents  appear  variable,  their  greatest  observed  velocity 
Ibeing  about  two  miles  per  hour. 

The  accumulation  of  water  in  the  Caribbean  and  Mexican 
Iseas  does  not  raise  the  level  of  those  seas  so  much  as  was, 
[perhaps,  once  supposed.  The  difference  of  level  observed  by 
IMr.  Lloyd,  in  his  researches  on  the  hthmus  of  Panama,  be- 
jtween  tiie  Mexican  Si-a  and  Pacific  Ocfan,  was  in  favour  of 
Itlje  greater  height  of  the  Pacific  Ocean  by  .'l'o*2  feot, — an 
I  unexpected  result;  but  the  nieasuretuents  were  conducted  with 
'«uch  care,  that  we  can  scarcely  tloubt  it.  The  high- water 
raark  at  Panama  is  iy*.55  feet  above  liigh-water  mark  of  the 

I  Atlantic  at  Chngres;  but  from  the  ilifTcrence  in  the  tides  on 
each  side  the  isthmus,  the  Pacific  is  lower  than  die  Atlantic 
It  low  water  by  6*51  feet  J.     Jf  we  consider  the  body  oi  water 
pent  up  by  the  effects  of  currents  over  so  large  a  space  as  the 
Meocican  Sea  at  eight  feet,  or  even  less,  above  the  Atlantic 
Ocean,  we  need  not  be  surprised  at  the  velocity  of  the  current 
produced  by  its  escape  through  the  Straits  of  Florida. 
If  the  temperature  of  the  waters,   healed  in  the   Gulf  of 
Mexico  and  Caribbean  Sen,  l>e  greater,  as  we  know  it  is,  tlian 
that  of  the  waters  north  of  the  tropics  through  which  the  Gulf 
Ifilreain  flows,  the  specific  gravity  of  the  Ibrmer  waters  will  be 
and  consequently  they  will  How  onwards  over  the  colder 
raters  or  those  of  greater  specific  gravity,  precisely  as  river- 
irater  flows  out  tx)  sea  over  that  of  the  ocean,  and  will  continue 
do  so  until  their  progi'ess  be  gradually  checked  and  finally 
Itopped. 

From  a  mass  of  information  that  has  been  collected,  it  ap- 

ihat  the   Gulf  Stream  varies  considerably  in  breadth, 

)glh,  and  velocity.      It  has  been  found  that  winds  much 

feet  the  current,  diminishing  its  breadth  and  augmenting  its 

ilocity,  or  augmenting  its  breadth  and  diminishing  its  ve- 

^locity. 

In  mid-channel,  on  the  meridian  of  the  Havanna^  the  di- 
cctioii  is  E.N.E.,  and  the  velocity  about  two  miles  and  a  half 


^nii 


Purdy,  .Itlantic  Memoir,  translated  from  the  *'  Dcnoloro  dr  Ins  An- 
luf."  t  ibtdl-  X  I'bil.  Tronj.  1«30. 
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per  hour.  Off  the  most  southern  parts  of  Floridn,  and  at 
about  one  third  over  from  the  Floridu  Keefii,  it  runs  at  the 
rate  of  about  four  miles  per  hour.  Between  Cape  Florida 
and  the  Bernini  Isles  it  runs  to  the  N.  by  E.,  with  a  velocity 
of  more  than  four  miles  un  hour.  The  stream  is  weak  ou  the 
Cuba  side,  and  sets  to  the  eastward. 

A  re-flow  or  counter  current  sets  down  by  the  Florida 
Reefs  and  Kays  tn  the  S.W.,  and  W.,  and  by  its  aid  many 
small  vessels  have  made  their  passa^s  from  the  nortliward*. 
To  tlie  nortliward  of  Cape  Canaveral  thei*e  is  no  stream  of 
title,  filong  the  soutliern  coast  of  the  United  States,  farther 
from  the  shore  than  in  ten  or  twelve  fathoms  of  water;  from 
that  depth  to  the  edge  of  soundings,  a  current  sets  to  ihe 
southward  at  the  rate  of  a  mile  an  hour  ;  out  of  soundings, 
the  Gulf  Stream  is  foutid  setting  to  the  northward  f .  It  is 
also  stated  that  there  is  a  re-flow  or  counter  current  on  the 
eastward  of  the  stream* 

Capt.  Sabine  remarks,  that  in  the  latter  part  of  1822  the 
velocity  of  the  current  after  passing  Cape  Hatteras  was  seventy- 
seven  miles  per  day:}:.  Rennel,  considering  the  force  of  the 
stream  as  determined  at  different  points,  calculates  that  the 
water  requires  about  eleven  weeks  to  nm  in  the  simamer,  when 
its  rapidity  is  greatest,  from  the  Gulf  of  Mexico  to  the  Azores, 
a  distance  of  about  3000  miles.  Capu  Livingston,  however, 
observes,  that  the  calculations  of  the  velocity  of  the  GulfStream 
are  not  to  be  depended  on.  He  found  it  setting  at  the  rate  of 
five  knots  and  upwards  on  the  iGth  and  17tliot  August  1817. 
On  the  lOlh  and  20th  of  February  1819,  it  seemed  to  be  almost 
imperceptible.  In  September  1819,  it  set  at  about  the  rate 
described  in  tlie  charts  §. 

Lieut.  Hare  has  found  in  the  meridian  of  57°  W.,  that  the 
stream  ranges  to  42^"  N.  in  tlie  summer,  and  eveii  to  42°  N. 
in  the  winter. 

It  would  appear,  that  the  waters  after  issuing  through  the 
Straits  of  Florida,  run  off  from  the  eastern  edge  of  llie  stream 
to  the  eastward,  as  might  be  expected  from  their  tendency  to 
eqaalize  their  level,  particularly  in  those  paits  not  carried 
forward  with  considerable  velocity. 

A  strong  current  sets  fixim  the  Polar  Seas,  and  through 
Hudson's  Bay  and  Davis's  Strait,  commonly  denominated  the 
Polar  or  Greenland  current.     It  sets  southerly  down  the  coast 


•  Purdy,  Atlantic  Memoir.  t  Ibiil. 

X  Ciipt.  Livingston  observes  that  the  current  set  him,  ofl'tapc  Hatteras, 
1*  8'  to  the  northward  of  his  dead  reckoning ;  tliis  he  ascertained  by  stellar 
and  solar  observations. — Atlantic  Memoir. 

$  Piurdy,  Atlantic  Memoir. — Tlicse  obaer^ations  appear  to  have  reference 
to  tb«  inccun  bclnTcn  Cape  Florida  and  tin-  Scniiui  Ifles. 
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Lmenca  to  Newfijundland,  bringing  down  large  icebergs 
tbeyond  the  Great  Bank.  Captains  Rossaiul  Parry  found  the 
lYelocity  of  die  current  from  three  to  four  miles  {>er  hour  in 
I  Baffin's  Bay  and  Davis's  Strait. 

A  current  from  the  polar  regions  sets  into  the  North  Atlantic 

[between  America  and  Europe  :  it  produced  such  a  drift  of  the 

lice  to  the  south  in  CapL  Parry's  attempt  to  reach  the  Nord» 

Pole  over  the  ice,  tliat  the  expedition  was  finally  abandoned 

[  jn  coDsecjuence  of  it* 

The  Polar  current  coming  from  Davis's  Strait,  may  be  said 
|to  unite  with  the  Gulf  Stream,  and  then  to  §ct  eastward,  dl- 
iKcting  its  course  to  the  coasts  of  Europe  and  Africa.  Off  the 
f  coast  of  Newfoundland,  the  current  sometimes  runs  at  the  rate 
I  of  two  miles  an  hour,  but  is  mucii  modified  by  winds.  About 
five  degrees  to  the  westward  of  Cnpc  Fiiiisterre  the  current 
lias  a  velocity  of  thirty  miles  in  twenty-four  hours. 

Between  Cape  Finisterre  and  the  Azores  there  is  a  tendency 

of  the  surface  waters  to  the  S.E,  being  variable  in  winter. 

Lieutenant  Hare,  in  September  1823,  found  n  current  setting 

K.S.E.  with  a  velocity  of  a  mile  and  iv  half  per  hour  between 

[>f.  latitude  4-5°  20'  and  43^  +0',  and  W.  longitude  '22"  30'  to 

bl6^.     Rennel  remarks,  res)>ecting  the  curraits  between  Cape 

LFinisterre  and  the  Ciinary  Islands,  that  "  it  may  be  taken  for 

[granted,  tliat  the  whole  surface  of  that  part  of  the  Atlantic 

'  jm  the  parallel  of  SO''  to  45"  at  least,  and  to   100  or  130 

^leagues  offshore,  is  in  motion  towards  the  Straits  of  Gibraltar." 

*'  Near  the  coasts  of  Spain  and  Portugal,  commonly  called 

|The  Wall,  the  current  is  always  very  mucli  southerly  (as  it 

more  easterly  towards  Cape  Finisterre),  and  continues  as 

Fikr  as  the  parallel  of  25%  and  is,  moreover,  felt  beyond  Madeira 

I  Westward ;  that  is,  at  least  ISO  leagues  from  the  coast  of  Africa; 

[beyond  which  a  S.W.  current  takes  place,  owing,  doubtless, 

[to  ilie  operation  of  the  N.E.  trade  wind."     The  same  author 

jbserves,  that  the  velocity  of  the  current  varies  considerably, 

aing  li'om  twelve  to  twenty,  or  more,  miles  in  twenty-four 

hours.     He  considers  sixteen  as  below  the  mean  rate. 

A  current  sets  along  the  coast  of  Africa  from  the  Canaries 

[to  the  Gulf  of  Guinea,  running  westerly  out  of  the  Bight  of 

Biafra.     The  rainy  seasons,  and  Harmattan  wind,  interrupt 

hthis  stream.     From  Cape  Bojador  and  the  Isles  de  Los*  the 

^Telocity  of  the  current  has  never  been  found  toexceed  a  mile  and 

Lm  half  per  hour  on  the  const  and  on  the  outer  edge  of  the  bank. 

Its  more  common  rate  is  less  than  a  mile.     At  the  distance  of 

>ar  leagues  from  the  coast  it  becomes  half  a  mile,  and  even 

In  the  meridian  of  11°  W.  the  current  runs  twenty-five 

liles  to  the  E.S.E.  in  twenty-four  hours.     OfiT  Cape  Palmas 

;ts  to  the  E.  at  for^r  miles;  oft"  Cape  Three  Poiut:*}  and 
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theiiCe  to  the  Bight  of  Benin,  at  from  fifteen  to  thirty  inites^ 
Jt  then  decreases  in  strength,  runs  to  tlie  southward,  turns  to 
the  S.  W.  between  6°  and  8"  S.,  and  thence  flows  N.  W,  to  the 
Cape  Verde  Islands.  It  is  considered  that  the  portion  flowing 
eastward  into  the  Gulf  of  Guinea,  is  not  altogether  continuous 
with  that  which  comes  from  Cape  Bojador  to  the  south. 

A  current  is  described  to  pass  round  Cape  Horn  and  Terra 
del  Fuego,  from  the  Pacific  into  the  Atlantic,  during  the 
greater  part  of  the  year*.  From  the  Straits  of  Magellan  to 
the  e(|ii!itor,  a  current  sets  north waril  along  the  western  coast 
of  South  America.  At  eighty  leagues  from  the  coast,  between 
15°  S.  latitude  and  the  equator,  and  even  to  15°  N.  latitude, 
the  currents  generally  run  westward.  Captain  Hall  found  a 
constant  current  setting  off"  the  Galapagos,  to  the  N.N.W. 
At  Guayaquil  a  strong  current  sets  out  of  the  Gulf  at  the  late 
of  forty  miles  in  twenty- four  hours.  Between  Panama  and 
Acapuico,  and  ut  about  1 80  miles  from  the  tatter  place,  Cap- 
lain  Hall  met  with  a  steady  current  running  E.  by  S.  at  rales 
varying  from  seven  to  thirty-seven  miles  per  day.  Great  quan- 
tities of  wood  are  drifted  from  die  continent  of  America  to 
Easter  Island  by  the  force  of  a  current  setting  in  that  direction. 
Currents  have  been  found  at  Juan  Fernandez,  and  SOC)  leagues 
to  the  westward  of  it,  running  W.S.W.  at  sixteen  miles  per 
day.  At  the  Marquesas  they  flow  with  a  velocity  of  twenty-six 
miles  in  twenty-four  hours.  Between  tlie  Marquesas  and  the 
Sandwich  Islands  they  have  been  found  to  run  westward  at 
the  rate  of  thirty  miles  aday,  in  April  and  May.  A  souUierly 
current  has  been  observed  at  California;  and  a  northerly  cur- 
rent along  the  N.W.  coast  of  America,  from  Cape  Orford, 
the  latter  having  a  velocity  of  a  mile  and  a  half  per  hour. 

A  northerly  current  sets  through  Behring^s  Straitsf,  nad  is 
supposed  to  run  along  the  north  coiist  of  America,  and  deliver 
ilselli  through  Baffin's  Bay  and  Hudson's  Straits,  into  the 
Atlantic. 

King  found  a  current  setting  N.E.  near  the  Japanese  Is- 


•  Captain  Hall  states,  that  lie  did  not  meet  with  any  ciiTTcnt  round  Cane 
Horn.  A  naval  officer,  liovvever,  assiirfs  me  that  a  current  nm»  oiu  oftlic 
I'acitic  into  tliu  .\tlantic  during  nine  moiiUis ;  and  this  is  rendered  pri^bahlo 
from  the  prevalence  of  Btrong  westerly  Aviud-i  during  the  greater  port  of  the 
year,  which  would  drive  the  waters  before  them.  Kotzcbiit'  foimd  a  cur- 
rent which  turned  rapidly  to  E.N.E.  near  Staaten  Land,  having  hud  another 
direction  (S.W.)  off  Cape  St,  John- 

t  Kotzebtie  describes  this  current  as  setting  through  the  Straits  with  a 
velocity  of  three  miles  per  hour  to  the  N.E.  At  Anchorage,  near  East 
Cape,  the  current  was  found  to  set  at  the  rate  of  one  mile  per  hour  ;  but 
tihorijy  afterwards,  notwithstanding  a  brisk  wind,  the  expedition  under 
Kotiebue  made  but  little  way  against  it,  though  going,  by  the  log,  at  the 
rate  ol  seven  miles  p«r  hour. 


imis,  ibe  velocity  five  miles  per  liour;  but  Ke  awo  found  it 
'  to  vary  considerably  in  direction  and  strenj^th. 

AmoDg  the  Philippine  Islands  a  current  comes  from  the 
K.E.»  and  runs  with  considerable  force  among  the  passages 
dividing  the  islands;  it  has  been  found  with  a  strength  of 
twenty  miles  a  day  near  these  isles.     This  current  varies. 

Cook  found  a  southerly  current  in  August,  flowing  ten  or 
fifteen  miles  a  day,  between  Botany  Bay  and  24^  S.  On  the 
MUne  side  of  Australia  a  vessel  was  set  furty  miles  to  the 
southward  in  twenty-four  hours,  in  the  month  of  March  ;  and 
in  July  another  vessel  was  carried  thirty  miles  in  two  days  in 
the  same  direction. 

A  constant  current  sets  eastward  into  the  Mediterranean, 
with  a  velocity  of  about  eleven  miles  in  twenty-four  hours.  It 
has  been  considered  that  there  is  an  under  or  counter  current 
letting  westward,  and  carrying  out  the  dense  water,  rendered 
more  than  usually  saline  from  evaporation  within  the  Straits 
of  Gibraltar;  but  this  has  lately  been  controverted.  It  was 
remarked  by  Dr.  Wollaston,  that  the  salt  carried  into  the 
Mediterranean  by  the  current  from  the  Atlantic  must  remain 
there  after  the  evaporation  of  the  water  which  held  it  in  solu- 
tion, unless  it  could  escape  by  some  means.  He  inferred  its 
escape  to  be  by  an  under  current,  usually  thought  to  exist, 
and  this  he  considered  proved  by  experiment ;  for  water 
brought  up  from  the  depth  of  670  fathoms  about  fifty  miles. 
within  the  Straits,  by  Captain  Smyth,  was  foil  ml  to  contain 
ibout  four  times  the  usual  quantity  of  saline  matter.  Water 
taken  from  depths  of  450  and  400  fathoms,  at  6H0  and  450 
miles  within  the  Straits,  did  not  exceed  in  its  saline  con- 
tents many  ordinary  examples  of  sea-water.  He  further  ob- 
»erved,  that  if  the  under  current  moved  only  with  one  fourth 
die  velocity  of  the  upper  current,  and  was  of  tlie  same  depth 
and  breadth  as  it,  the  former  would  convey  out  as  much  salt 
as  tlie  latter  brought  in  *.  Mr.  Lyell  infers  that  this  dense 
water  cannot  pass  out,  because  the  bottom  of  the  sea  rises  be- 
tween Capes  Spartel  and  Trafalgar,  and  has  only  USO  lathoms 
of  water  upon  it;  and  therefore,  if  the  under  and  more  saline 
water  be  as  deep  as  is  supposed,  it  would  be  impossible  for  it 
to  eiicape,  and  it  would  deposit  great  quantities  of  salt  In  the 
bed  of  the  Mediterranean  f .  It  is  much  to  be  regretted  that 
we  do  not  possess  better  information  on  this  subject,  and  that 
direct  experiments  have  not  been  made  on  this  supposed  under 
current  That  this  has  not  been  done  is  the  more  remarkable, 
when  we  consider  the  numerous  opportunities  afforded  by  the 


•  Wollasloir,   Phil.  Trans.  1  SliD. 

t  L^'cU,  Principles  ot  Geology,  vul.  U 
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continual  passage  of  ships,  and  tlie  proximity  of  such 
blislituents  as  those  of  Gibraltar.  Mr.  Lyell's  iheoiy  of  a 
great  deposit  of  :>alt  at  tlie  bottom  of  the  Mediterranean,  though 
very  ingenious,  can  scarcely  be  true;  for,  supposing  it  to  be 
so,  the  sea  would^  as  the  depth  increased,  be  more  and  more 
charged  with  saline  matter,  until  it  finally  became  mtre  salt, 
the  density  increasing  at  the  same  time.  This  being  the  case, 
we  should  bring  up  salt  with  the  sounding-lead,  and  little  else, 
llut  the  fact  is,  that  the  deep  soundings,  as  shown  by  Captain 
Smyth,  are  mud,  sand  and  shells.  Sand  and  shells  form  the 
bottom,  beneath  980  fathoms  of  water,  a  little  east  of  the  me- 
ridian of  Gibraltar;  and  the  same  bottom  is  found  in  the 
Straits  beneath  700  fathoms  of  water.  Now  these  places  are 
near  where  the  sea-water,  so  highly  charged  with  saline  mat- 
ter, was  brought  u|) ;  and  where,  according  to  the  theory, 
there  should  be  a  bottom  of  salt.  The  same  may  be  said  of 
other  situations*. 

The  current  entering  the  Mediterranean  passes  along 
southern  shores  of  that  sea,  and  is  felt  at  Tripoli  and  llie 
land  of  Galitta.  At  Alexandria  there  is  a  stream  flowing  east," 
as  well  as  between  tlie  coast  of  Egypt  antl  Candia  :  arrived  on 
the  coast  of  Syria,  it  runs  north,  and  then  advances  l)etween 
Cyprus  and  the  coast  of  Karamania.  A  strong  current  flows 
trom  the  Black  Sea  into  the  Mediterranean,  through  the  Dar- 
danelles. 

A  constant  current  flows  out  of  the  Bidtic,  through  the 
Sound  and  Cattegat,  into  the  German  Ocean.  Its  velocity  iji 
tlie  narrowest  pai"t  of  the  Sound  is  about  three  miles  per  hour; 
but  the  ordinary  rate,  in  line  weather,  is  about  one  mile  and 
a  half  or  two  miles.  The  currents  out  of  the  Sound  and  two 
Belts  are  directed  towards  the  Scau  or  Skagen,  and  flowing 
thence,  turn  N.E.  towards  Marstrand,  at  tlie  rate  of  about 
two  miles  per  hour.  It  is  not  impossible  that  a  counter  and 
nnder  current  setting  into  the  Baltic  from  the  ocean  may  exist ; 
Ibr  Captain  Patton  observed,  when  at  anchor  a  few  miles  from 

*  In  all  our  remarks  on  the  changes  that  may  he  supposed  to  occur  at  the 
boUom  of  t]>e  Mortiterrnnean,  we  should!  he  careful  to  remember  that  this 
boUom  is  divided  into  two  grent  basins  (Sec  Smyth's  Charts)  by  a.  winding 
•hoal,  which  oonnecti  Sicily  with  the  coast  of  Africa.  This  shoal,  known 
OS  the  Skerkii  has  the  following  line  nf  soundings  upon  it,  proceeding  from 
the  vVfrican  to  llie  Sicilian  coast;  namely,  31,  48,  50,  38,  71,  20,  70,  52, 
91,  16,  15,  .'la,  7,  32,  48,  ;U,  51,  70,  72,  38,  55,  and  13  fathoms,  from 
whence  an  idea  of  its  tnrqualities  may  bo  formed.  There  are  soundings  in 
VIO,  157,  and  2^  fathoms,  on  eitlu'i*  side,  as  aUci  places  where  190  and 
230  fntlioms  uf  line  have  been  run  out,  without  Hndin^  bottom.  It  may  bo 
here  remarked,  that,  at  the  entrance  of  the  Dardanelles  into  the  Mcditcr- 
raneon,  there  are  only  thirty-seven  fathoms  of  water;  so  that  the  quantity 
nf  solid  matter  requisite  to  bar  the  comnuinicatinn  between  the  Black  and 
Mt'ditcrrancan  seas,  would  nil  be  very  considerable. 
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Isinore,    in  an  upper   current   selling   at  the  rate  of  four 
lies  an  hour  outwards,  that  in  sounding  in  fourteen  fathoms, 
ie  found  the  line  continue  perpendicular  to  his  hand,  when 
'the  lead  was  raised  a  little  from  the  ground.     Hence  he  con- 
cluded that  there  was  an  under  current  that  prevented  the  line 
from  being  carried  away. 

In  the  Indian  and  Chinese  seas  we  have  good  examples  of 
[periodical  currents,  evidently  referable  to  the  periodical  winds 
'or  monsoons. 

From  St.  John's  Point  to  Cape  C-ormorin  there  is  a  nearly 
constant  current  in  the  direction  of  the  coast  from  N-N.W.  to 
S.S.E-;  except  that  between  Cape  Cornioriti  and  Cochin,  it 
flows  from  S.E.  to  N.W.  from  October  to  the  end  of  January. 

The  current  sets  from  the  ocean  into  the  Red  Sea  from  Oc- 
tober to  May,  and  runs  out  of  that  sea  from  May  to  October. 
A  current  commonly  sets  from  the  Gulf  of  Persia  towards  the 
ocean  during  the  whole  time  that  the  current  flows  into  the  Red 
Sea,  and  runs  into  the  Gulf  from  May  to  October. 

In  the  Gulf  of  Manar,  between  Ceylon  and  Cape  Cormo- 
rin,  the  current  flows  northward  from  May  to  Octol>cr,  set- 
ting the  remaining  six  months  to  tlie  S.W.  and  S.S.  W.  From 
Pedro  Point  on  the  north  of  Ceylon,  to  Pointe  de  Galleon 
the  south,  the  current  runs  S.E.,  S.S.E.,  S.,  S.W.,  and 
W.,  according  to  the  nature  of  the  coast,  uniting  at  the  Pointe 
de  Galle  with  the  current  that  comes  out  of  the  Gulf  of  Ma- 
nar. The  ordinary  velocity  of  the  stream  on  the  south  coast 
of  Ceylon  is  about  a  league  an  hour.  Tlie  Ceylon  currents  are 
weak  in  June  and  November.  In  the  Hay  of  Bengal  the  cur- 
rents run  with  the  wind  towards  the  N.E.  during  the  S.  W. 
or  W.  monsoon,  and  slacken  in  September,  On  the  coast 
of  Orissa,  about  eight  days  before  the  equinox  tJieir  direction 
is  towards  the  south,  and  they  become  strong  at  the  end  of 
the  month.  During  the  N.E.  and  E.  monsoon,  thecuirents 
arc,  as  before,  with  the  wind,  and  strong  in  proportion  to  it. 

In  the  .S.\V,  monsoon  the  cuiTeni  between  the  coast  of 
Malabar  and  the  Lakdivas  sets  to  the  S.S.E,  with  a  velocity 
«)f  twenty,  twenty- four,  or  twenty-six  miles  in  twenty-ibur 
hours.  Between  the  Lakdivas  its  direction  is  to  the  S.S.W. 
and  S.W.,  its  rate  being  from  eighteen  to  twenty-two  miles  in 
twenty-four  hours.  The  current,  setting  W.  or  W.S.W.  to 
the  westward  of  these  islands,  varies  in  velocity  from  eight  to 
eleven  miles  per  day.  There  is  a  strong  current  among  the 
Maldives:  among  the  southern  isles  the  direction  is  generally 
to  the  E,N.E.  in  March  am!  April;  in  May  it  sets  to  the 
eastward;  in  June  and  July  the  currents  often  run  to  the 
W.N.W.,  particularly  to  the  south  of  the  equator.  Between 
ihciC  isles  and  Ceylon  they  frequently  stl  sliongly  to  the  west- 
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ward  (luntig  tnerooulhs  of  October,   Nov«m 

Ceiiiber. 

Tile  curreiilsi  in  tiie  China  seas,  at  a  distance  frun»  shore 
Igenerallv  flow,  more  or  less,  towards  the  N.E.  iVoni  tlie  mit 
[die  of  May  to  the  midille  of  August,  and  have  a  contrary  di« 
jrection  Cronj  ttie  mi<k!le  of  October  to  March  or  April.     Thi 
'Velocity  o!  the  currents  from  the  N.E.  is  usuulty  greater  in  Oc 
lober,   November,  and  December,  along  the  adjacent  shor 
than  that  of  the  opposite  set  in  May,  June,  and  July.     Theii 
strength  is  most  felt  among  the  iiiSaiids  and  shoals  near  iht 
coast. 

The  strongest  currents  of  these  seas  are  experienced  alon£ 
the  coasts  of  Canibodiji,  during  the  end  of  November.     Thej 
run  with  ii  velocity  of  from  fifty  lo  seventy  miles  to  the  south- 
ward,   in  twenty-four  hours,    between  Avarella   and    Poole 
Cecir  da  Terra.     8ome  part  of  the  stream  setting  into  lh« 
Straits  of  Malacca,  causes  the  tide  to  run  nine  hours  one  wa^J 
and  three  hours  the  oilier.     The  currents  to  the  northwarqi 
commence  running  in  April  thi-ough  the  Straits  of  Bnnca,  pasM 
llje  Straits  of  Malacca,  and  along  the  west  coast  of  the  Guir 
of  Siain,  setting  along  the  nordi-east  side  of  the  same  Gulf  tc 
the  E.S.E.  until  to  the  eastward  of  Point  Goby;  they  then 
bend  to  the  N.E,  running  along  the   coasts  of  Cambodia,^^ 
Cochin-China,  and  China,  till  September,  when  the  oppo^fl 
site  mon.soon  and  currents  prevail  from  the  N.E.,  and  conti-. 
nue  to  March  or  April. 

Periodical  currents  occur,  nccording  to  M,  Lanigue,  aiongjjfl 
the  west  coast  of  South  America,  from  Cape  Horn  to  latitudarV 
ly^.     The  S.  and  E..S.E.  winds  produce  a  current,  setting 
lo  the  N.W.,  off"  the  coast  of  Peru,  of  which  the  msKimum 
velocity  is  fifteen  miles  in  twenty-four  hours,  and  the  mean 
velocity  about  nine  or  ten  njiles.     Between  this  current  and 
the  coast,  there  is  a  counter  current   flowing   to   the   S.E. 
During  the  prevalence  of  the  wind  from  N,  to  \V.  the  currenbr^ 
flows  S.E.,  but  is  oniy  sensible  near  the  land*.  "^ 

Temporary  currents  are  innumerable,  every  severe  gale  of 
any  duration  producing  one.     Nothing  is  more  common  than 
tliese  partial  currents,  which  are  more  jmrticularly  felt  along  | 
coasts  and  through  channels. 

The  direction  and  velocity  of  the  currents  above  enumerated 
may  be  considered  rather  as  approximations  to  the  truth,  thari'  - 
us  the  truth  itself,  for  the  determination  of  currents  is  liable  to] 
many  errors.     The  usual  manner  of  ascertaining  them  is  by 
comjiaring  the  true  place  of  a  ship,  determined  by  means  of 
chroiioujclers  and  astronomical  observations,  with  the  positiou 
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'  of  the  same  «nip  as  deduced  by  deiul  reckoning.  The  latter 
is  a  calculntian  of  the  vessel's  way  through  tlie  water  in  ii  given 

I  direction.  The  rate  of  the  vessel's  way  is  estimated  by  means 
of  a  contrivance  called  a  log-line,  or  a  line  at  the  end  of  which 
there  is  a  float.     According  to  the  quantity  of  line  run  out  in 

I  ft  given  time,  with  allowances  for  ihe  affitntion  4it"  the  sea,  &c., 
is  the  rate  of  the  vessel's  way  calculated.  This  operation  is 
liable  to  numerous  errors;  and  even  with  the  line  and  glasses 
«u  the  liigheiit  ordei",  requires  a  nicety  of  execution  seldom 
practised.  The  direction  of  tlte  vessel's  course  is  estimated 
by  the  compass,  with  allowances  for  magnetic  variation.  Here 
we  have  a  most  fruitful  source  of  error,  for  until  lately  no  al- 
lowance whatever  was  attempted  lor  the  local  attraction  of  the 
ship.  It  is  non'  well  known  that  the  disposition  of  iron  in  a 
vessel  is  such,  that  no  two  ships  will  be  found  to  have  the 
same  local  attraction;  consefjiiently  no  rules  can  be  adopted 
lor  correctinr;  tlie  error  of  aberration  by  means  of  placing  the 
magnets  in  any  particular  situation,  though  some  situations 
have  been  found  more  favourable  for  true  observations  than 
others.  It  was  not  until  Mr.  Barlow  invented  his  plate  of 
iron  for  counteracting  the  effect  of  aberration,  that  the  error 
arising  from  it  could  be  fully  known.  Now  nearly  all  the 
preceding  observations,  as  to  the  direction  and  velocity  of 
currents,  were  matU  before  this  great  source  of  error  was  un- 
derstood; consequently  many  of  them  are  erroneous,  and  re- 
tjuire  that  re-examination  which  the  advance  of  science  has 
rendered  necessary.  It  is  clear,  that  if  a  vessel  is  steering  one 
course,  and  those  on  board  consider  they  are  taking  another, 
the  position  deduced  Irom  dead  ret;koning  must  wander  from 
the  truth  in  pro^xfrtion  to  the  amount  of  aberration,  even  sup- 
})osing  the  rate  of  way  through  tht:  water  and  other  necessary 
observations  correct. 

If,  in  the  annexed  diagrau),  a  vessel,  without  any  allowance 
for  aberration,  be  supposed  to  hold  her  course 
from  a  to  6,  while  in  realitj'  her  course,  with 
proper  allowance  lor  aberration,  is  from  a  to 
f,  the  <listance  from  6  to  c  will,  according  to 
llie  usual  practice,  be  releircd  to  current, 
after  an  observation  shall  have  shown  that  her  true  place  is 
air.  It  will  be  clear  that  in  this  cnse  no  such  current  exists,  and 
that  the  difference  between  the  true  and  caknlated  situations 
of  the  ship  arises  solely  from  want  ol  attention  to  local  attrHC-> 
tion. 

Another  great  source  of  error  in  estimating  the  value  of 
currents  has  been  noticed  by  Captain  Basil  Hail.  This  au- 
thor observes,  (hat  the  usual  method  of  laying  down  ships* 
tracks  by  two  lines,  one  representing  the  course  as  estimated 
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from  the  dead  reckoning,  iiimI  the  other  ns  deducetl 
chronometers  and  hitiar  dbservations,  leads  to  no  information 
as  "  to  where  the  current  began,  or  where  it  ceased,  or  wliat 
was  it^  set,  or  its  velocity."  He  proposes  instead  ot'tliis,  that 
the  position  of  the  ship  found  at  each  good  observation  should 
form  the  point  of  departure,  both  for  the  line  representing  the 
disUince  and  direction  to  the  next  observed  true  position,  and 
for  that  representing  the  ship's  course  as  estimated  by  dead 
reckoning*.  A  very  superior  plan,  and  one  that  should  super- 
sede the  old  method. 

Although  these  causes  of  error  render  the  exact  velocity  and 
course  of  currents  heretofore  observed  vague  and  uncertain, 
so  that  many  minor  streams  may  be  found  imaginary,  and 
tlmt  the  navigator  may  be  exposed  to  great  danger  from  im- 
plicidy  depending  upon  them  ;  yet  to  the  geologist,  perhaps, 
ihey  may  not  be  so  formidable ;  as,  probably,  the  general  ve- 
locity of  currents  will  not  be  found  greatly  altered  ;  and  as  it  ii 
with  their  velocity  and  consequent  transporting  power  that  h 
is  principally  concerned. 

Transporting  Power  of  Tides. 

The  stream  caused  by  tides  varies  much  in  strength,  but  a 
common  velocity  appears  to  be  one  mile  and  a  half  per  hour, 
when  head-lands,  shallow  banks,  and  other  obstacles  are  not 
opposed  to  it;  and  therefore,  even  supposing  the  superficial 
velocity  to  extend  to  the  bottom,  wliich  would  not  be  the  case 
except  in  comparatively  shallow  seas,  the  general  transporting 
power  of  such  tides  would  appear,  judging  from  the  effects  we 
witness  near  shores,  to  be  but  small.  This  the  unchanged 
character  of  soundings  for  a  great  leirgth  of  time,  though  pnn* 
cipally  composed  of  niuil  ami  sand,  seems  to  attest. 

Where  obstacles  are  opposed  to  the  tides,  the  transporting 
power  will  be  increased,  and  the  changes  produce<l  more  rapid. 
The  tide  through  the  Pentland  Firth  having  a  velocity  of  nine 
miles  per  hour,  would  scour  out  pebbles  of  considerable  size 
from  its  channel ;  but  its  power  to  do  this  would  cease  at  each 
extremity,  where  the  tides  flow  at  the  rate  of  two  or  three 
miles  per  hour,  and  the  local  cause  would  merely  produce  a 
J  local  effect.  The  same  with  the  Race  of  Alderney,  and  othc 
'similar  places. 

Changes  in  the  shape  of  sanil-banks  frequently  take  plac 
when  they  approach  the  surface ;  but  as  they  then  come  withiif"" 
the  influence  of  another  cause, — the  action  of  the  waves,  the 
transporting  power  of  which  is  very  considerable, — too  much 
must  not  be  attributed  to  the  mere  force  of  a  tidal  stream. 

•  Edinburgh  Phil osopli teal  Journal,  vol.  il. 
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The  transporting  power  of  tidal  rivers  outwards,  or  into  the 

Iters  of  the  sea,  is  considerable,  more  particularly  during^ ' 

le  time  of  freshets  or  floods.     As  has  bcetj  seen,  the  tide  of  j 

>b  in  rivers  is  always  greater  than  the  flood ;  tlierefore,  al« 

lough  estuary  waters  are  very  turbid,  and  a  great  prnportioa 

them  mereJy  carried  backwards  and  forwards,  detritus  will ' 
sca{>e  into  the  open  sea  in  proportion  to  the  difference  of  ve»| 

:ity   between  ti>e  ebb  and   flood.     It  should  be  remarked, 
jat  all  estuaries  have  a  tendency  to  be  filled  up  by  deposition 

the  matters  held  mechanically  in  suspension  by  their  waters. 

'he  beads   of  estuaries  are  very  frequently  alluvial  plains, 

llbrmed  of  the  same  kind  of  mud  and  silt  as  are  at  present 

Vought  down  by   the  rivers;  and  it  often  appears  as  if  the 

les  had  flowed  »ip  to  much  greater  distances  tlian  ihey  nowj 
io,  the  higher  parts  having  been  gradually  siited  up*.     Thesa  i 

pearances  are  so  cominon,  that  it  is  useless  to  insist  upon' 

em;  but  the  extent  of  flat  lands,  evidently  accumulated  in>, 
this  way  on  the  sides  and  heads  oi'  estuaries,  is  often  very  re- 
markable, and  would  seem  to  have  required  a  long  lapse  of 
ages  for  their  ibnnation;  more  particularly  when  the  present 
deposits  of  the  same  estuaries  are  considered, 

Notwithstauiling  this  deposit  in  the  estuary  itself,  and  the 
bars  and  bank<>  accumulated  at  the  months  of  so  many  ttilal 
nverS)  above  noticed,  mud  and  sill  escape  into  the  sea,  and  are 
transporteil  by  the  tides  to  greater  or  less  distances  from  the 
rivers;  as  may  often  be  seen  at  low  water,  on  coasts  where 
tidal  rivers  discliarge  themselves. 

The  transporting  power  of  tides  and  currents  being  propor- 
tbned  to  their  velocity,  and  this  being  greatest  when  obstacles 
•re  opposed  to  either,  it  is  in  these  situations  tliat  we  should 
look  for  the  greatest  transporting  power. 

The  difference  between  the  velocity  of  tides  on  the  surface 
ind  at  moderate  depths  must  be  very  considerable,  otherwise 
the  previously  noticed  power  of  water  to  tear  up  different 
kinds  of  substances  at  given  velocities  must  be  incorrect;  for 
if  the  velocities  were  nearly  as  great  ut  moderate  depths  as  on 
tile  surface,  tidal  streams  would  be  little  else  than  a  mass  of 
turbid  waters. 

The  diiicoloration  of  the  sea  to  greater  or  less  distances 
from  the  shore,  according  to  the  depth,  is  well  known  to  be 
during  heavy  gales,  and  is  due  to  the  action  of  the 
Waves,  and  not  to  tliat  of  the  tide  merely  passing  over  sand  or 
IDtul  with  a  certain  strength,  and  theretbre  must  not  be  con- 
foaaded  with  it. 

•  If  we  could  Always  give  implicit  confidence  to  old  maps  and  charts, 
[grrnt  dejMsits  of  this  nature  would  seem  to  have  ttiken  place  witiiin  hiatoricsl 
1  lime*. 
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To  take  an  example  of  tidal  waters  rimninf;  over  a  certain 
bottom  : — At  the  Shambles,  a  well-known  bank  near  the  island 
of  Portland,  the  tides  run  at  the  rapid  rale  of  about  three  nau- 
tical miles  per  hour,  over  soundings  of  gravel  which  do  not 
alter.  Now,  if  the  calculations  above  noticed  were  correct, 
and  the  inferior  velocity  not  very  considerably  different  from 
that  on  the  surface,  stones,  the  size  of  egg!<,  could  be  torn  up 
by  water  with  a  velocity  of  three  feet  in  a  second,  or  3600  yards 
in  an  hour;  consequently  the  pebbles  on  the  bank  would  be 
carried  away,  and  notliing  but  bare  rock  or  masses  of  stone 
would  be  left;  but  the  soundings  on  the  Shambles  are  the  same 
at  present  as  they  are  represented  to  have  been,  by  the  charts, 
many  years  ago. 

The  preservation  of  the  same  kind  of  bottoms  or  soundings, 
over  whicli  tides  or  currents  pass  with  considerable  velocity 
without  their  being  altered,  is  familial'  to  most  mariners;  anil 
it  would  seem  that  we  are  fur  from  being  acquainted  with  the 
respective  velocities  required  to  tear  up  mud,  sand,  and  pebbles 
at  various  depths  in  the  sea.  Tiilnl  streams  flow  over  mud 
banks  in  some  estuaries  nt  the  rate  of  a  mile  and  a  half  or  two 
miles  per  hour,  without  removing  them;  though,  if  the  above- 
noticed  calculations  were  always  applicable,  the  current  would 
be  sufficiently  strong  to  remove  pebbles  of  some  size.  Tt 
same  remark  applies  to  innumerable  sand-banks*. 

Transporting  Pamer  of  Currents, 

In  estimating  the  transporting  power  of  currents,  we  shoiil 
consider  the  causes  which  produce  them,  and  the  nature  of  the 
fluid  in  which  they  are  produced.     The  motion  of  the  earth, 

•  Wliilc  on  llie  sulijcct  of  saundingR,  ft  may  be  notici'J  that  the  British 
Islands  axe  tii  reulity  itiiited  tn  ihe  continent  beneath  the  &ea  by  banka  of 
various  kinds,  at  greater  or  less  depths  ;  the  prsticipa!  i>oundit»g.s  on  which 
nre  mud  or  sand.  The  whole  is  more  or  less  known  by  the  name  of  sound- 
ings, because  bottom  can  be  easily  ubtnined  by  a  line  of  eighty  or  ninetv 
fathoms  in  irngth.  The  botmdary  of  these  soundings  is  traced  on  all  good 
charts,  and  is  seen  to  commence  at  the  bottom  of  the  Bay  of  Bi«cay.  t}»cu  to 
run  rovind  the  British  Isles,  and  to  communicate  with  the  shallows  of  the 
German  Ocean. 

The  beil  of  the  sea  in  these  soundings  can  only  be  considered  ai  lo  much 
of  the  continent,  which  happens  to  be  at  no  great  depth  beneath  the  ocean 
level.  The  upper  part  of  the  bottom,  tenanted  by  various  animals  whoae 
exuviap  are  Juily  left  in  it,  is  probably  in  a  gruat  ntcasiirc  derived  from  the 
detritus  of  (he  British  Islands  and  eucIi  parts  of  the  continent  of  Europe  aa 
are  either  bathed  hy,  or  discharge  their  waters  into,  these  sea*.  Tlie  depths 
being  comparatively  inconsiderable,  the  tides,  currents,  and  waves  are  pro- 
bably enabled  to  act,  according  to  circumstances,  in  the  distribution  of  the 
detritus. 

The  course  of  the  tides  round  the  Britisli  Islands  is  represented  in  Dr. 
Young's  Natural  Philosophv,  vol.  i,  pi.  3S.  fig.  A2I  ;  see  also  Lubbock  oii 
Ti.U•^  I'hil.TnuiH.  IS;J]. 
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allhougli  it  would  seem  to  ^ive  a  certain  general  movement  to 
the  waters  of  our  globe,  does  not  appear  capable,  taken  by 
itself,  of  producing  currents  of  geological  importance.     Tbe 
great  cause  of  ocean-currents  seems  to  be  prevalent  winds ;  and 
accordingly  we  find  that  in  the  equatorial  regions  of  the  world, 
over  which  the  more  or  less  easterly  winds,  commonly  called 
the  Trade  Winds,  prevail,  there  is  a  tendency  oftiie  waters 
to  flow  westward  in  the  Pacific  Ocean,  in  the  Aihmtic,  and  in 
those  parts  of  the  Indian  scab  free  from  the  monsouiis.     That 
the  winds  are  the  great  cause  of  ocean-cui- rents,  is  a  I'flct  sufli- 
ciently  proved  by  the  velocity  and  direction  of  such  currents 
in  the  Indian  and  Chinese  seas,  varying  with  the  force  and  di- 
rection of  the  monsoons.     On  this  subject  Miijor  Ilennel  ob- 
serves, "  It  is  well  known  how  easily  a  current  may  be  induced 
by  the  action  of  the  wind,  and  how  a  strong  S.W.,  a  N.W., 
or  even  a  N.£.,  wind  on  our  own  coasts  raises  die  tide  to  an 
extraordinary    height   in    the    English    Chjinnel,     the    river 
I'hnmes,  the  east  coast  of  Britain,  ike,  as  those  winds  respec- 
j  lively  prevail.     The  late  ingenious  Mr.  Smenlon  ascerlained, 
Iby  experiment,  that  in  a  canal  of  four  niiles  in  length,  ihe 
liiruier  was  kefii  u)>  four  inches  higher  at  one  end  than  at  the 
tolhcr,  merely  bv  the  action  of  die  vviuil  alonjj  the  canal.    Tlie 
IBaltic  is  kept  up  two  feet  at  least  by  a  strong  N.W.  wind  of 
iny  continuance;  antl  the  Caspian  Sea  is  higher  by  several 
lieel,   at  either  end,   as  a  strong  northerly  or  southerly  wind 
Drevails.     It  is  likewise  known  that  a  large  piece  of  water,  ten 
llniles  broad,  and  generally  only  three  feet  deep,  has,  by  a  strong 
kind,  had  its  waters  driven  to  owe  side,  ami  sustained  sons  to 
econie  six  feet  deep,  wliile  die  windward  side  was  left  th-y. 
[Therefore,  as  water  pent  up  so  that  it  cannot  escape  acquires 
higfier  level,  in  a  place  where  it  can  escape  the  same  ope- 
ilion  produces  a  current,  and  this  current  will  extend  to  a 
Iter  or  less  distance  according  to  the  force  by  which  it  is 
proiiuced  or  kept  up*." 

It  is  also  considered  that  the  moon  exercises  an  influence 

on  the  waters  of  the  tropical  regions,  increasing  their  velocity 

,  by  drawing  them   from   E.  to  W.     Ttie  current  setting  six 

""  jurs  one  way  and  six  hours  the  other  througli  the  Straits  of 

[.Messina,  though  there  is  no  rise  or  fait  of  water  with  it,  is  at- 

ibuted  to  the  infJueiice  of  the  moon,  and  msiy  be  con>idere<l 

lis  a  tide.     Capt.   Livingston  observes,  that  "when  the  sun's 

ideclination  is  N.,  the  N.K.  trade  wind  blows  fresher,  and  ex- 

snds  further  to  the  northward  tliaa  when  the  sun's  declina- 

lion  is  S.,  thus  forcing  a  greater  body  of  water  into  the  Ca- 

[ribbean  Seat.'* 

The  current  setting  into  the   Mediterranean  through  tli« 


•  On  U»e  Ctwiiiiirl  Currciil. 


]  V\w^\\  Arliiiiiic  Mfiiioir. 
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Strnils  of  Gibrakar  is  commonly  attributed  to  the  evaporaliou 
of  ihat  sea,  which  also  receives  a  large  supply  of  water  from 
the  Black  iSea  through  the  Dardanelles.  The  easterly  in- 
draught tVom  the  Atlantic  is  stated  to  commence  nr arly  one 
hundred  leagues  to  the  westward  of  the  Straits  of  Gibraltar. 
It  has  been  supposed  that  an  under  and  counter  current  sets 
outwards;  but  this,  as  has  been  above  noticed,  has  been  lately 
controverted*.  That  under  currents  do,  however,  occur  in 
the  Mediterranean,  Capt.  Beaufort  affords  us  suflicient  proof. 
After  remarking  that  from  Syria  to  the  Archipelago  there  is 
a  constant  current  to  the  westward,  slightly  felt  at  sea,  al- 
though very  perceptible  on  shore,  amounting  to  three  miles 
per  hour,  between  Adratchan  Cape  and  the  opposite  island, 
he  observes,  "  Tlie  counter  currents,  or  those  which  return 
beneath  the  surface  of  the  water,  are  also  very  remarkable  :  in 
some  parts  of  the  Archipelago  they  are  sonietintes  so  strung 
as  to  prevent  the  steering  of  the  ship;  and  in  one  instance,  on 
sinking  the  lead,  when  theses  was  calm  and  clear,  with  shreds 
of  bunting,  of  various  colours,  attached  at  every  yard  of  I  be  line, 
they  pointed  in  difH-rent  directions  all  round  the  compassf." 

These  observations  of  Capt.  Beaufort  are  of  the  highest 
importance  when  we  consiiler  the  transporting  power  of  cur- 
rents, because  they  seem  to  show  that  we  cannot  judge  of  the 
direction  of  under  currents  from  those  known  to  flow  on  the 
surface. 

The  winds  being,  generally  speaking,  the  cause  of  the  great 
ocean-currents,  and  effects  being  only  in  proportion  to  their 
causes,  the  streams  of  water  thus  producetl  will  not  extend 
ileeper  than  the  projielling  power  of  the  winds  can  be  felt. 
Now,  as  the  ocean  varies  in  density  according  to  its  depth, 
the  cause  siilHcieiit  to  move  waters  on  the  surface,  and  to 
certain  depths  beneath  it,  will  constantly  meet  with  opposi- 
tion, at  an  increasing  ratio;  until  finally,  the  moving  power 
and  the  resistance  Ijeing  equal,  no  effect  whatever  is  pro- 
duced ;  and  all  water  beneath  a  certain  depth  would  be,  ns 
far  as  respects  surfnce  causes,  innnoveable,  and  consequently 
would  have  no  trnnsporting  power. 

Hence  it  would  appeur  that  the  transporting  power  of  cur- 
rents will  ilepend  on  the  depth  o(  the  sea,  all  other  things 
being  equal,  and  that  the  smaller  the  depth  the  greater  the 
transporting  power.  Conscqitentlj-,  coasts  are  the  situations 
where  we  may  look  for  this  power. 

If  the  current  entering  into  the  Mciliteimnoan  from  the 
Atlantic  be  due  to  the  evaporation  of  the  former,  this  also  is 
n  superficial  cau^iC,  and  its  effects  will  gradually  become  less» 
until,  in  deep  water,  it  ceases  nltogeilier. 


•  Lyell's  Principles  of  CJcology. 
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We  have  seen  tliat  tides  jis  well  as  currents  have  their  pfvenl- 
*st  velocity  in  shulluw  water,  sicross  headlands,  or  in  con- 
tracted channels;  consequently,  their  greatest  transporting 
er  exists  in  the  same  situatiouN,  and  will  be  local.  Tiden 
mooly  exert  an  equal  transporting  power  in  two  direc- 
tions, for  the  most  part  opposite  to  each  other,  except  in  the 
case  of  rivers,  where  this  power  is  greater  on  the  ebb  tlian  at 
the  flood.  Unless  the  rivers  be  very  considerable,  the  detri- 
tus brought  through  their  embouchures  by  the  siiixirior  velo- 
ity  of  the  ebb,  enters  into  the  power  of  the  coast-lides,  and  is 
carried  backwards  atul  Ibrwards  by  them  tinlil  depotiiicd.  But 
in  the  case  of  great  rivers,  such  as  the  Maranun,  St.  Law- 
rence, anti  Orinoco,  the  unchecked  detritus  is  borne  forward, 
until  stopped  and  turned  by  the  ocean-curreuls.  Lnrge  ad- 
ditions are  daily  made  to  the  coast  of  South  America  by  the 
deposit  from  the  waters  of  the  Maranon,  which  are  cairieil 
toward  the  shore  by  tlie  prevailing  current  *. 

Upon  a  review  of  what  ha.s  been  stated  respecting  the 
streams  of  water  caused  Ivy  tides  and  currents,  it  would  ap- 
j)ear  that  their  geological  importance  will  depend  upon  the  re- 
lative depth  of  water  which  they  traverse,  and  their  proximity 
to  land,  by  which  their  velocity  is  increased.  Hound  coasts 
they  have  a  transporting  power,  which  varies  according  to 
circumstances;  being  greatest,  all  other  things  remahiing  the 
same,  nearest  the  lanil.  In  great  depths  we  have  no  reason 
U>  suppose  that  this  transporting  power  exists;  or  if  it  docs, 
the  causes  must  be  different  from  those  which  produce  motion 
on  the  surl'iice.  It  docs  not  appear  that  we  are  acquainted 
with  the  velocities  which  could  tear  u(>  uuid,  sand,  or  gravel ; 
fi»r  currents  pass  over  the  bottom  in  i^hallow  water,  composed 
of  mud  and  sand,  without  mixing  them,  with  a  considerable 
ce  velocity.  The  changes  produced  on  the  bottom  are 
ely  perceptible,  within  the  periods  ue  should  consider 
g,  unless  in  simllow  water,  and  near  the  mouths  of  great 
vers,  the  deposits  from  whiich  must  grudually  accumulate, 
nd  diminish  the  depth  of  the  water.  In  the  soundings  round 
coa»ts,  we  do  not  generally  find  any  great  inequalities;  but 
in  the  ocean  these  must  exist  to  a  very  great  extent,  as  is 
chown  by  the  rotk«,  shoals,  and  smalt  islands  scattered  over 
it,  the  tops  of  mountains  emerging  from  the  water,  wliich  is 
genendiy  of  great  depth  close  to  them. 

Active  Voicanos. 
The  surface  of  the  earth  is  irregularly  markcti  by  orifices, 

•  The  walnr  upon  litis  ciuist  is  so  iiha!1ow,  that  the  l.mil  is  danjiiETniw  to 
Approach  wiihutit  giCMt  care,  tho  only  harboiint  being  the  mouthi  of  rivers. 
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through  which  various  jj^ases,  chiders,  nshcs,  stones, 
streams  of  red-lmt  melted  rocks  are  projected.  From  this 
coiitimieill  pri>(>tilsion  of  matter  through  a  vent  or  vents,  a  co- 
nical mass  is  accumulated,  to  which  die  name  of  volcano  is 
applied.  Volcaiios  differ  materially  in  the  quantity  of  matter 
ejected,  but  agree  in  such  a  general  resemblance  to  each 
other,  that  they  seem  all  referable  to  the  operations  of  the 
SAme  causes. 

Various  theories  have  been  formed  for  the  explanation  of 
volcanic  phjc-nomena ;  but  it  nnist  be  confessed,  that  they  are 
nil  more  or  less  defective,  and  that  the  real  causes  of  such 
phienomena  are  mere  subjects  of  conjecture.  With  some  of  the 
effects  we  are  familiar ;  ihoufjh  with  the  districts  most  ravaged 
by  erupted  matter,  we  are  far  from  beiuj^  well  acquainted; 
our  principal  knowledge  of  volcanos  being  derived  from  the 
two  largest  active  vents  of  Europe,  Etna  and  Vesuvius,  but 
principally  fVom  the  latter.  Etna  certainly  covers  a  consider- 
able surface,  but  Vesuvius  sinks  into  insignificance  before 
some  of  the  great  volcanos  of  the  world. 

From  their  general  proximity  lo,  or  occurrence  in,  the  sea, 
it  has  been  supposed  that  the  active  state  of  volcanos  is  pro- 
duced by  the  percolation  of  sea-water  t<j  certain  metallic  bases 
of  the  earths  oraikaiies  at  various  depths  beneath  the  surface  ; 
which  metallic  bases  being  thus  inflamed,  cause  the  pha?no- 
mena  observed  in  volcanic  eruptions.  The  volcanos  in  the 
interior  of  Mexico,  as  also  the  volcanos  of  Tartary,  have  been 
accounted  for  by  the  advocates  of  this  theory:  the  former,  by 
supposing  a  connexion  between  the  vents  of  Colima,  Jorullo, 
Pococatepetl,  antl  Orizaba,  all  situated  on  tho  same  line  ; — the 
latter,  by  considering  that  the  waters  of  salt  lakes  may  perco- 
late to  their  foci.  Recent  researches  would,  however,  appear 
to  render  this  hypothesis  untenable;  for  according  to  MM. 
Klaprolh,  Abel  Renuisnt,  atui  Humboldt,  there  is  a  volcanic 
region,  with  an  area  of  about  2500  square  geographical  miles 
in  central  Asia,  between  300  and  +00  leagues  distant  Irom  the 
sea.  The  principal  seat  of  volcanic  action  is  the  range  of  the 
Thian  chan,  in  which  are  the  two  volcanos  of  Pe  chan  and 
Ho  tcheou,  distant  about  lOo  miles  in  an  east  and  west  di- 
rection Ironi  each  other,  the  former  being  about  225  leagues 
from  Lake  Arid  *.  Ileceiit  observations  also,  in  the  central 
chain  of  the  Andes,  by  MM.  Rotilin  and  Boussingault,  show 
that  volcanic  eruptions  take  place  at  a  considerable  distance 
from  the  sea.  The  Peak  of  Tolima  (according  lo  Humboldt 
in  lat.  \°  +6'  N.  and  long.  77"  5G'  W.  from  Paris,)  was  seen 
to  be  in  eruption  by  M.  Roulin  in   182G  ;  and  M.  Boussin- 


Humb(«U!t,  Frnginpns  AsintiqiiMJ. 
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p4ult  observed  a  volcnno  of  the  same  district  to  be  in  activity 

in  1629.  M.  Rouliii  discovL-rcd  tVoni  an  ancient  document  that 

iere  had  been  a  great  eruption  of  Tolima  in  March  1595  *. 

As  the  first  chemical  o|)eratioii,  if  the  theory  ol'a  percola- 

Hon  of  sea-waler  lo  the  metallic  bases  of  earths  or  alkalies 

rere  true,  would  be  the  union  of  the  oxygen  with  the  inelal- 

lic  base,  and  the  escape  of  an  immense  quantity  of  hydrogen, 

"I.  Gay  Lussac  has  objected  to  it,  tliat  pure  hydrogen  gas  is 

lot  evolved  from  volcanos ;    and  as  u   proof  of  it,  observes, 

i«t  if  it  were  present,  it  would   he  inflamed  by  the  red-hot 

[matter  ejected  from  the  craters.     Dr.  Daubeny  endeavours  to 

imeet  this  objection,  by  supposing  the  hydrogen  *' to  have 

jeombiiied  in  its  nascent  state  with  sulphur,  and  the  two  bodies 

[to  have  been  evolved  in  the  form  of  sulphuretted  liydrogen 

Igas."     He  also  considers  that  the  presence  of  targe  quantities 

|of  muriatic  acid  would  destroy  the  inflammabihly  of  the  hy- 

[drogent- 

According  to  the  same  author,  the  gases  evolved  from  vol- 
[canos  consist  of  muriatic  acid  gas,  sulphur  combined  with 
foxj'gen  or  hydrogen,  carbonic  acid  gas,  and  nitrogen ;  to 
[which  must  be  adiled  a  great  tjuantity  of  aqueous  vapourif:. 

Sir  Humphry  Davy  found  the  sublimations  of  Vesuvius  lo 
[consist  of  a  common  salt  (one  specimen  containing  a  mitsute 
[quantity  of  muriate  of  cobalt),  chloride  of  iron,  sulphate  of 
lo,  muriate  and  sidpluite  of  potassa,  and  a  small  quantity  of 
[«xide  of  cop|ier!§. 

Volcanic  eruptions  are  usually  preceded  by  detonations  in 
(the  mountain,  and  agitations  of  the  earth,  or  earthquakes  in 
the  vicinity,  after  which  the  mountain  vomits  forth  an  abun- 
^dancc  of  ashes,  cinders,  and  stones;  and  streams  of  melted 
iva  flow  from  apertures  made  in  the  side  of  the  cone,  the 
distance  of  which  becomes  unequal  lo  the  pressure  of  the 
[melted  mass  within.  The  lava  very  rarely  seems  to  proceed 
ifirom  the  lip  of  the  crater. 

The  following  is  a  summary,  from  various  authorities,  of 

[the  heat  and  appearances  of  a  lava-current.     *'  Lava,  when 

l<^served  as  near  as  possible  to  the  point  from  whence  it  issues, 

for  the  most  f»art  a  semifluid  mass  of  the  consistence  of 

Joney,  but  sometimes  so  liquid  as  to  penetrate  the  fibre  of 

l«'OOu.  It  soon  cools  externally,  and  therefore  exhibits  a  rough 

unequal  surface;  but  as  it  ts  a  bad  conductor  of  lieut,  the  in- 

[ ternal  mass  remains  liquid  long  after  the  portion  exposed  to 

[the  air  has  become  solidified.     The  temperature  at  which  it 

continues  fluid  is  considerable  enough  to  mett  glass  and  silver, 

and  hiis  been  found  to  render  a  mass  of  lead  fluid  in  four 

•  flumboldt,  Fragmens  AsiatJqucs.    t  Descriplton  of  Voltanos,  p.  y77. 
Hid.  p.  U76.  {  I'hil.  Trans.,  Iti26. 
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Tuinutes ;  when   the  •Btue  mass,  plateil  on  red-hot  iron,  re- 

quireil  tlouble  ttiat  time  to  enter  into  I'tision."  The  heat  does 
not,  however,  np|iear  to  be  always  ecjual ;  for  it  is  stated,  that 
when  bell-inelnl  was  thrown  into  lava  (uf  1794),  the  zinc  was 
melted  and  the  copper  reniaiued  unfiised*. 

The  volcanic  eruption  wtiich  prodmced  tlie  greatest  quantity 
of  lava  known  to  have  been  thrown  out  at  one  time,  is  that  re- 
corded as  bavintj  pruceetled  in  17S3  (Voni  the  low  country 
near  Shaptar  Jokul,  in  Iceland.  The  lava  burst  out,  accord- 
intr  to  Sir  G.  Mackenzie,  at  three  diflerent  points,  about  eight 
or  nine  miles  from  each  other,  and  spread  in  some  places 
the  breadth  of  several  miles  f. 

The  whole  of  Iceland  may  be  considered  as  little  else  thai 
a  volcnnic  mass,  in  which  there  are  many  apertures  through 
which  lava,  ashes,  and  other  products  have  been  ejected.  Tne 
ijTneous  matter  straggles  to  escape  in  various  places,  and,  con- 
sequently, many  single  ernpitions  from  diflerent  points  have 
been  recorded  since  historicat  times;  nevertheless,  volcanic 
discharges  have  taken  place  at  various  times  through  the  same 
apertures.  Thus,  there  have  been  twent}  -two  eruptions  from 
Hecla  since  the  year  1004;  seven  from  Kaltlngiau  Jokul  since 
yOO;  and  four  from  Krabla  since  1724. 

As  might  be  expected  in  such  a  region  as  that  of  Icelani 
the  eruptions  are  not  confined  to  the  immediate  dry  land,  but 
have  pierced  through  the  sea  in  the  vicinity.  In  Januiiry  1 783, 
a  volcanic  eruption,  described  as  flutae,  rose  through  the  sea, 
about  thirty  miles  from  Cnpe  Ueikianes ;  several  islands  were 
observed,  as  if  raised  from  beneath,  and  a  reef  of  rocks  exists 
where  these  apfjcurances  occurre(L  "The  flames  lasted  se- 
veral months,  during  whicli,  vast  quantities  of  pumice  and 
light  slugs  were  washed  on  shore.  In  the  beginning  of  June, 
earthquakes  shook  the  whole  of  Iceland  ;  the  flames  in  the  sea 
disii|ipeared;  and  the  dreadful  eruption  commenced  from  the 
yhaptar  Jokul,  which  is  nearly  two  hundred  miles  distant 
from  the  spot  where  the  marine  eruption  took  place  J." 

Anolhcr  submarine  eruption  occurred  near  the  same  island, 
on  June  ISlh,  1830.  An  island  was  produced,  and  consequent 
eruptions  were  featLcltn  the  inlerior,  as  in  the  case  above  cited  jj. 

An  exnmple  of  a  volcano  forcing  its  way  from  beneath  the 
sea  into  the  atmospiiert  was  observed  off  St.  Michael's, 
Azores,  in  IBM.  It  was  first  seen  above  the  sea  on  June 
13th,  On  the  17th  it  was  observed  by  CapUiin  Tillard  and 
some  other  gentlemen  from  the  nearest  clift'of  St.  Michael's. 
The  appearances   were  exceedingly  beautiful,    the   volcano 


» 


•  Dftubeny,  Description  of  Volcanos,  p.  .'181. 

f  Sir  Gcoric  Mackenzie,  Travels  in  IcclaaH,  2n(I  edil. 

II  Journal  dc  Gcologie,  lorn.  i. 
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shooting  up  columns  of  the  blackest  cinders  to  ihe  height  of 
between  700  niul  SOO  feet  above  (he  surface  of  the  water, " 
WTien  not  ejecting  ashes,  an  immense  botlj  of  vapour  or 
smoke  revolved  almo^it  horizoiilally  on  the  sea.  The  bursts 
»re  described  as  accompanied  by  explo!»ions  resembling  a 
mixed  discharge  of  cannon  and  musketrv,  and  by  a  great 
abundance  of  lightning  ••  By  the  4th  of  July  a  complete 
island  was  formed,  tlescribed  by  Capt.  Tillard  (who  landed 
upon  it,)  as  nearly  a  mile  in  circumference,  almost  circular^ 
and  about  300  feet  in  height.  In  the  centre  there  was  a  crater, 
then  full  of  hot  water,  which  discharged  it»elf  through  an 
Opening  facing  St.  Michael's.  To  this  island,  which  after- 
wards disappeared,  Capt.  Tillard  gave  the  name  of  Sabrina, 
from  tliat  of  the  frigate  which  he  commanded. 

By  reference  to  the  manuscript  journals  of  llie  Royal  So- 
ciety of  London,  I  find  that  a  vdlcunic  island  was  tin-owiii  up 
among  tjje  Western  Islands  about  the  middle  of  the  seven- 
teenth century.  Sir  H.  Sheres  is  described,  in  the  account  of  j 
the  meeting  of  the  Royal  Society,  on  Januaiy  7lh,  1690—91,  as 
having  informed  those  assembled,  "  that  his  father  passing  bv 
the  Western  Islands  went  on  shore  on  an  island  that  had  then 
l)eeii  newly  thrown  u[)  by  a  volcano,  but  that  in  a  month  or 
ie&s  it  dissolved,  and  sunk  into  llie  sea,  and  i^  now  no  more 
to  be  foundf." 

The  volcano  which  rose  through  the  sea,  between  the, 
island  of  Pantellaria  and  the  coast  of  Sicily,  in  July  1831,  af^ 
fords  us  a  recent  example  of  the  propulsion  of  igneous  and 
Other  rocks  tlirougli  the  sea  into  the  atmospiiere,  forming  nn 
island.  Tlie  water  was  observed,  by  Nea[)oHt«n  vessels,  to 
be  heaved  up  and  agitated,  and  smoke  to  be  evolved  over  the 
spot  in  the  early  part  of  July.  Intelligence  of  the  circtim- 
^nce  having  been  received  at  MalLi,  vessels  were  dispatched 
to  ascertain  the  exact  position  of  the  new  volcano,  and  to  warn 
Other  ships  of  the  danger.  On  the  18th  and  19th  of  July, 
Capt.  Swinburne  estimated  the  crater,  then  ul)ove  the  sea,  at 
seventy  or  eighty  yards  in  external  diameter,  and  twenty  feet 
ab<A'e  the  water  in  the  highest  place,  the  agitated  and  heated 
water  in  the  crater  escajiing  by  an  outlet  on  one  side. 

Dr.  Davy  visited  this  volcano  on  the  Sih  of  August,  and 
has  presented  us  with  a  detailed  description  of  tlie  various 

*  For  a  view  of  this  scene,  mid  a  plan  nnii  elevation  of  the  rslajid,  see 
Seetioiu  and  Views  illustrative  of  Geolugical  Pliaenometia,  pi.  34  &  35. 

f  These  manuscript  and  unuubliahed!  journals  of  the  Royal  Society  con- 
tain a  fund  of  ciirious  information,  highly  illustrative  of  the  science  of  the 
time,  the  heads  of  the  conversations  at  each  meeting  being  entered.  They 
moreover  afford  a  valuable  insight  into  the  progress  of  science  since  the  first 
caUbliahment  of  the  Royul  Society. 
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phjEiiomeiia  lie  observed.  The  most  common  aj  _ 
refjipsented  to  Ijave  been  thai  ul"  a  deasie  wliite  vapour,  pit>- 
liahly  the  vapour  of  water,  llirowii  up  lo  a.  fxreat  height.  In 
violent  erupticns,  columns  of  black  matter  rose  to  the  eleva- 
tion of  three  or  four  lliousaud  I'cet,  spreadinfjout  widely  even  to 
windward:.  \'ivid  lightninfj;,  accompanied  by  ih under,  darted 
lunid  the alnioiiphere  oferuption,  and  the  sounds  lltus  produced 
were  far  more  intense  tlian  those  resultinfif  from  the  eruptive 
explosions.  Dr.  Davy  watched  in  vain  for  any  appearance 
indicative  of  the  presence  of  inflammable  gas.  When  in  the 
nndst  of  a  dark  shower  of  ashes  to  the  leeward  of  the  volcano, 
this  author  remarks,  that  excepting  once  or  twice,  when  a  slight 
smell  of  sulphur  was  perceived,  "no  unusual  o<lour,  not  the 
slightest  biiuminous  hmell,  or  smell  of  sulphuretted  hydro- 
<:jeJi,  or  of  sulphurous  aci<!,  or  of  any  other  acid  fume,  was 
observable*."  The  various  solid  matters  examined  were  im- 
pregnated with  saline  matter,  resembling  that  contained  in  the 
sea,  and  afforded  slight  traces  of  sulphur.  Among  the  sub- 
stances ejected  were  fibres,  resembling  vegetable  fibres,  and 
which  emitted  a  smell  like  that  of  burning  sea-weed,  and  it  is 
conjectured  that  they  were  portions  of  weed  sucked  into  the 
crater. 

M.  C.  Provost,  charged  by  the  Academy  of  Sciences  of 
Paris  with  the  examination  of  this  volcanic  island,  visited  it 
on  the  28tli  of  September.  The  island  was  then  about  230!* 
feet  ia  circumference,  and  from  100  to  230  feet  high,  having 
two  principal  elevations,  on  difierent  sides  of  the  crater.  The 
crater  filled  with  boiling  water. 

From  the  various  accounts  which  have  been  received,  it 
diws  not  appear  that  any  lava-current  was  ejected.  The 
island  seemed  merely  the  result  of  an  accumulation  of  ashes, 
cinders,  and  small  fragments,  among  wliich  were  occasionally 
some  of  larger  size.  Among  the  ejected  substances  were  pieces 
of  dolomite  and  limestone;  one  fragment,  of  some  pounds 
weight,  is  said  lo  resemble  grauwacke.  As  was  lo  be  expect- 
ed, the  island,  when  die  eruptions  ceased,  was  unable  to  re- 
sist the  action  of  the  breakers ;  accordingly  it  has  given  waj^^ 
before  this  force,  and  is  now  reduced  to  a  shoal.  |^| 

The  bottiim  whence  this  island  was  thrown  up  is  repre^^ 
sented  to  have  been  at  little  depth  beneath  the  surface  of  the 
sea.  Capt.  Sin3*ih  has,  however,  clearly  shown  that  ttiis  was 
not  the  case,  but  that  on  the  contrfliy  it  rose  in  deep  water, 
unconnecteil  with  the  Adventure  Bank,  lo  the  westward  of 
,  itf.  Some  miles  to  the  S-E.  of  this  island,  which  has  been 
named  Sciaccn,  Julia,  Hothani,  Graliam,  and  Corrao,  is  the 

•  Dr.  Davy,  Phil.  Trans.,  1832.  Stnjth,  Pbil.  Tr«n».,  1832,  pi.  rj 
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Nerita  l>ank^  which  may  {wrhnps  be  tlie  subaqueous  summit  of 
iUiother  vok-nnic  mass. 

If  we  consitltT  thai  ihe  heat  of  the  volcano  would  destroy 
the  various  marine  nntnials,  which  either  lived  in  or  on  the 
ftaruU  mud,  or  gravel  of  the  previous  bottom,  such  animals 
would  probably  be  buried  beneath  the  mud  and  cinders  de* 
rived  from  the  explosions. 

The  volcano  would  seem  to  have  been  in  activity  some  little 
lime  beneath  the  seu  before  it  reared  itself  above  the  surface; 
for  Capt-  Swinburne,  while  passing  over  llie  same  spot  on  the 
28th  of  the  previous  month  (June),  experienced  shocks  which 
were  then  attributed  to  an  earthquake*. 

It  can  only  have  been  since  liistorical  times,  and  by  mere 
accident,  that  instances  of  volcanos  so  forcing  themselves  from 
beneath  the  sea  could  have  been  recorded.  Now,  the  power 
of  man  to  do  this  is  so  recent,  that  we  may  conclude  such  oc- 
currences to  have  been  far  from  rare;  and  that,  even  in  the 
present  day,  they  may  happen  in  remote  regions,  into  which 
civilized  man  rarely,  if  ever,  enters,  and  inerefore  they  re- 
main unknown. 

There  are  numerous  islands  in  the  ocean,  composed  almost 
entirely  of  volcanic  matter,  and  in  which  active  volcanos  still 
exist,  that  may  have  been  thus  formed;  the  dome  or  cone  not 
giving  way  before  the  pressure  of  the  water,  but  gradually 
•ccuniulating  a  ma.ss  of  lava,  cinders  and  ashes,  so  that  the 
islands  have  l>ecome  firm,  and  even  of  consideruble  s'lxe. 
Owhyhee,  or  Hawaii,  is  perhaps  a  magnificent  example  of 
such  an  island.  The  whole  mass,  esliinnled  as  exposing  a 
surface  oi'  'K»00  square  miles,  is  composed  of  lava,  or  other 
volcanic  matter,  which  rises  in  the  peaks  of  Mouna  Koa  and 
Mounu  Kaah,  to  the  height  of  l>elwcen  15,000  and  16,000 
feet  above  the  level  of  the  hea.  Mr.  Ellis  describes  the  crater 
of  Kirauea  as  situated  in  a  lofty  elevated  plain,  bounded  by  a 
precipice  fifteen  or  sixteen  miles  in  circumference,  apparently 
sunk  from  two  hundred  to  four  hundred  feut  below  its  original 
level.  "  The  surface  of  this  plain  was  uneven,  and  strewed 
over  with  loose  stones  and  volcanic  rock ;  and  in  the  centre  of 


*  It  i»  icnpoRsible  not  to  be  struck,  in  the  drawings  and  plans  of  the 
iaUntb  of  Subriiiu  an<l  Sciacca,  with  the  rescnihlance  tlicy  beur  to  those 
'  '  xlmids  w'liicli  have  basins  in  them,  into  which  iht-re  i»  a  narrow  pns- 
itunicating  with  the  Hca.  Deception  I«lan«l,  New  South  Shetland, 
ni.M  1)  there  is  a  description  and  a  plan  in  the  JoiiroaJ  of  the  Geopra- 
1  Societv,)  affords  a  good  idea  of  siicli  iJauds.  The  interior  basin  it 
five  miles  in  diameter  and  ninoty-sevcn  fatlioiiia  deep.  Nhnij  other 
iples  will  reailily  present  themselves  to  the  geogrflpher.  The  eommn- 
nirfttioii  between  the  interior  basin  and  the  sea  would  leem  produced,  in 
the  cases  of  Sabrina  and  Sciaccu,  by  the  rush  of  iho  waters  out  of  the  cra- 
ler  during  the  explo:iioas. 
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it  was  the  great  crater,  at  a  distance  of  a  mile  and  n  half  froi 
the  place  where  we  were  standing.  We  walked  on  to  the 
north  end  of  the  ridge,  where,  the  precipice  being  less  steep, 
a  descent  to  the  plntn  below  seemed  practicable.  After  walk- 
ing some  distance  ovtr  tlie  sunken  plain,  which  in  several 
places  sounded  hollow  under  our  I'eet,  we  at  length  came  to  the 
edge  of  the  great  crater,  where  a  spectacle  sublime,  and  even 
appalling,  presented  itself  before  us.  Immediately  before  us 
yawned  nn  immense  gulf,  in  the  form  of  a  crescent,  about  two 
miles  in  length,  from  N.E.  lo  S.W.,  nearly  a  mile  in  width, 
and  apparently  800  feet  tieep.  The  bottom  was  covered  \v\\\\ 
lavn,  and  the  S.  W.  and  northern  parts  of  it  were  one  vast  flood 
of  btiniing  matter  in  a  slate  of  terrific  ebullition,  rolling  to  and 
fro  its.  'fiery  surge'  aiuHlaming  billmvs.  Fifty-one  conical 
islands  of  varied  form  and  size,  containing  so  many  craters, 
rose  either  round  the  edge,  or  from  the  t.urface  ol  the  burning 
lake:  twenty-two  constantly  emitted  columns  of  gray  smoke, 
or  pyramids  of  brilliant  flame ;  and  several  of  these  at  the  same 
time  vomited  from  their  ignited  mouths  streams  of  lavn,  which 
rolled  in  blazing  torrents  down  their  bhick  indented  sides  into 
the  boiling  mass  btrlow."  Mr.  Ellis  concludeil,  from  the  ex- 
istence of  these  cones,  that  ihe  mass  of  boiling  lava  resulletl 
from  the  streams  poured  from  the  craleis  into  this  Hp|>er  re- 
servoir, which  appeareil  to  vary  in  its  level ;  Jbr  there  were 
marks  on  the  rocks  bounding  it,  which  showed  that  the  great 
crater  had  been  recentlj'  filled  up  300  or  400  feet  higher  to  a 
black  ledge,  from  whence  there  was  a  slope  to  the  hot  fluid 
mass  *. 

It  will  be  obvious  that  this  crater  by  no  means  resembles 
those  with  which  we  are  more  familiar.  Instead  of  the  more 
or  less  rounded  orifice  usually  found,  we  have  a  semicircular 
crack  in  a  level  of  considerable  extent,  and»  by  the  descri|v 
tion,  this  level  does  not  appear  lo  iiave  been  ravaged  by  lava 
streams  flowing  from  the  crater  over  it.  The  depth  of  water 
round  Owhyhce,  and  indeed  round  live  Sandwich  Jsltuids  ge- 
jierally,  is  so  great,  that  they  are  somewliat  dangerous  to  a]v 
proiich  in  stormy  weatlier,  as  anchorage  cannot  be  obtained 
except  close  to  the  land  ;  seeming  to  show  that  these  volcanic 
masses  rise  from  considerable  depths,  and  are  only  partly  oi 
of  the  water. 

The  number  of  volcanos  which  fringe  the  Pacific  Ocean,  or 
occur  in  it,  or  in  that  part  of  the  Indian  Seas  which  contains 
Java  and  the  neigh  flouring  islands,  far  exceeds  that  of  any 

•  Ellis,  Tour  througl*  the  SaniiwicU  Islands.  An  intcrpstinp  accoxint  of 
the  slate  of  Kiraupa,  in  1S29,  wiU  bo  found  in  Stewart's  Visit  to  the  South 
Seas.  I'hc  grneral  description  is  not  materially  diflcreiil,  the  changes  bcsuig 
priucipaSly  in  ihe  ciatcr. 


-m 


I 


other  part  orrFie~worli].  From  Terra  del  Fuego  ihey  occur 
northerly  through  the  range  of  the  Andes,  often  attaining  very 
considerable  elevations.  In  Mexico  the  northerly  line  is  met 
an  east  and  west  line,  connecting  it  with  the  volcanos  in 
je  West  Indian  Islands.  In  California  there  are  three  vol- 
wios,  of  which  one.  Mount  Si.  Elia,  is  variously  estimated 
^&om  13,000  to  17,000  feet  in  height.  America  is  connected 
rilh  Asia  by  means  of  the  volcanic  vents  of  the  Aleutian  Isles, 
'rom  Kamtschatka  southwards  we  observe  volcanos  in  the 
Lurule  Islands,  Japan,  the  Loo  Clioo  Isles,  Formosa,  and  the 
Philippines.  From  the  latter  islands  a  range  of  volcanic  vents 
roceeds  to  nearly  lat.  10^  S.,  ranges  westward  along  tliis  pa- 
frallel  for  about  twtnty-five  degrees  of  longitude,  and  then  turns 
iop  N.W.  diagonally  through  about  twenty  degrees  of  latitude. 
IThis  line,  which  wlien  re]>rese(Ued  in  maps  •  i'esembles  an 
lormous  fish-hook,  passes  from  the  Philippines,  by  the  N.E. 
>int  of  Celebes,  Gilok),  the  volcanic  isles  between  New  Gui- 
nea and  Timor,  Floris,  Sumbuwa,  Java,  and  Sumatra,  to 
iBarren  Island. 

Active  volcanos  are  by  no  means  relatively  so  abundant  in, 
|or  on  the  shores  of^  the  Atlantic.     Indeed  the  shores  ofthiej 
:ean  in  Europe,  Africa,  and  America,  appear  free  from  them, 
we  except  Mexico  and  the  land  connecting  the  main  body 
[of  North  America  with   the  Southern   continent,  and  which 
[lay  be  considered  as  common  both  to  the  Atlantic  and  Pa- 
cific Oceans  f. 

Teneriffe  affords  tlie  greatest  volcanic  elevation  in  the  At- 
lantic, the  Peak  rising  1'2,216  feet  above  its  surface.  Iceland, 
though  its  volcanos  do  not  attain  any  considerable  elevation, 
presents  the  largest  accumulation  of  volcanic  matter  above  the 
level  of  the  same  mass  of  waters. 

We  have  seen  that  in  Iceland  high   cones  or  elevations  of 
ind  do  not  always  accompany  volcanic  eruptions,  for  the  lava 
178S  seems  to  have  flowed  from  comparatively  low  aner- 
ires.       Elevations  seem  more  especially  formed   when    the 
erupted  matter  consists  of  cinders,   ashes,  or  stones,  which 
•ing  ejected,  arrange  themselves  in  a  conical  manner  around 
|the  central  aperture,  where  the  amount  of  melted  rock  or  lava 
lay  vary.     The  escape  of  this  melted  rock  will,  in  a  great 
leasure,  depend  on   its  relative  proporlion  to  the  cinders, 
sfaeS)  or  stones  thrown  out.     If  these  be  in  comparatively 


•  See  Von  Buch's  Canary  Inlands,  nl.  13-    and  a  corrected  reduction  of 
^fhu  in  Lyell'a  principles  of  Geology,  pi.  I. 

f  Mr.  Scoreiby  noticett  a  volcano  itiT  the  main  land  of  trrcenland.  This 
Tolcano  is  iiitual*»d  in  the  island  of  Jan  Maycn,  presented  naarks  of  recent 
»niption,  and  had  a  crater  about  500  feet  deep,  and  2000  feet  in  diameter. 
^Ldin.  Phil.  Journal. 
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small  quantity,  ifie  luva  will  have  the  less  difficulty  to  escai 
ami  may  easily  break  down  its  harrier  and  rush  forth. 
when  the  proportions  are  invertetl,  a  large  cone  may  be  raised 
without  the  escape  ot  any  lava-current.  Between  the  two  ex- 
tremos  there  will  be  every  kind  of  variation,  and  lava-currents 
will  (low  from  various  apertures  and  at  various  heights.  By 
repeated  action  a  volcano  acquires  considerable  solidity  at  its 
base,  for  the  loose  erupted  mutter  is,  independently  of  the  con- 
soh  la t ion  produced  by  ottuT  causes,  bound  together  by  lava 
radii  proceeding  from  the  central  aperture.  Rents  are  often 
produced  in  the  base,  particularly  when  the  great  vent  has 
accumulated  matter  to  a  considerable  height,  and  through 
these,  lava  is  protruded;  the  streams  so  thrown  out  serving 
to  brace  the  lower  parts  of  the  inoiintaiu  more  firmly  toge- 
ther. The  occurrence  of  such  apertures  is  precisely  what  we 
should  expect  in  a  volcano,  which  had  accumulated  materiaU 
upon  it  nearly  equal  to  the  average  force  of  the  elastic  vapours 
propellijig  igneous  matter  upwards;  for  the  pressure  of  the 
elevated  column  being  very  considerable,  and  in  proportion 
to  its  height,  it  will  always  struggle  to  free  itself  in  the  direc- 
tion of  the  least  resistance.  Now  the  sides  of  a  volcanic  moun- 
tain are  not  likely  to  be  homogeneous,  but  to  vary  much  in 
their  resisting  powers,  being  most  solid  where  crossed  by  lava- 
currents,  and  weakest  where  merely  Ibrmed  of  ashes  or  sub- 
stances of  the  like  nature.  If  to  these  causes  of  unetpial  re- 
sistance to  pressure,  we  ndil  the  fractures  and  rents  produced 
by  shucks  in  the  niounlain  itself^  we  should  always  expect  to 
And  lateral  discharges  of  Iuv<t  common,  while  similar  streams 
from  the  mouth  woidd  be  rare, 

M.  von  Buch  is  the  author  of  a  theory  respecting  the  ele- 
vations of  volcanos,  wliich  has  been  adopted  by  many  geolo- 
gists, while  it  has  been  combated  by  otliers.  He  observes, 
tliat  the  appearances  of  many  craters  are  such,  that  we  can 
scarcely  consider  them  us  erupted  in  the  ordinary  way ;  be- 
cause the.y  do  not  seem  to  present  either  lava-currents,  or 
such  an  arraiigeaieiit  in  the  deposit  of  other  volcanic  sub- 
stances as  to  justify  such  a  conclusion.  To  these  craters  he 
has  given  the  name  of  Craters  of  Elevation  {Erhehungskrater). 
Jt  has  been  opposed  to  this  theory,  ill  at  it  presupposes  a  ho- 
rizontal accumulation  of  lava  or  other  volcanic  matters,  pre- 
viously to  the  propulsion  of  elastic  vapours  through  it,  which 
should  elevate  the  Hat  mass  in  a  dome  or  cone,  and  burst 
through  the  highest  part,  presenting  the  appearance  of  a  cra- 
ter of  eruption.  How  far  this  objection  may  be  valid  would 
seem  to  depend  on  the  possibility  of  forming  sheets  of  volcanic 
matter,  which  heat  might  soften  and  elastic  vapours  force  up, 
&0  that  the  necc5;>ary  forms  should  be  produced.    It  may  be 
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questjonrible  wlietlier,  under  a  jjreat  pressure  of  tlie  sea,  there 
is  the  same  tendency  to  produce  cinders  antt  ashes  as  in  the 
atmosphere;  and  whether  the  superincumbent  welfjht  would 
not  so  act  upon  the  solid  matter  ejected,  tliat  it  would  be  forced 
into  fusion,  and  sheets  of  melted  matter  be  tlie  result,  if  the 
eln>tic  vapours  beneath  a  column  of  melted  rock  were  suffi- 
ciently powerful  tn  overcome  the  resistance  both  of  the  column 
of  lava  and  the  superincumbent  water. 

It  being  by  no  nieiins  probable  that  the  density  of  sea-water, 
beneath  any  depth  which  we  can  reasoiinbly  assign  to  the  ocean, 
would  be  such  as  lo  render  it  of  greater  specific  gravity  than 
liquid  lava  ejected  from  a  volcanic  rent,  situated  beneath  the 
sea;  it  would  follow,  that  so  long  as  the  lava  continued  in  a 
state  of  fusion,  it  woidd  arrange  itself  hori'/onially  beneath 
the  fluid  ol  inferior  specific  gravity.  The  question  then  arises, 
how  long  a  body  of  lava  in  fusion  would  remain  fluid  be- 
neath the  waters  of  the  sea.  The  particles  of  water  in  contact 
with  the  incandescent  lava  would  become  greatly  heated,  and 
consetjuently,  from  their  decreased  specific  gravity,  would 
immediately  I'ise,  their  places  being  sufiplied  from  above  by 
particles  of  greater  density  and  less  temperature.  Thus  u 
cooling  process  would  be  established  on  the  upper  surface  of 
the  lava,  rendering  it  solid.  Now  as  the  particles  of  ffuid 
lavtt  would  be  preveiUetl  from  moving  upwurcSs  by  ihe  solid 
matter  above,  pressed  downwards  by  its  own  gravity  and  the 
superincumbent  water,  they  would  escnfie  hueratly,  where 
not  only  the  cooling  process  would  be  iesn  r!)i>id,  irom  the 
well-known  difficulty  of  heated  water  moving  otherwise  than 
perpendicularly  upwards,  but  where  also  (he  power  of  the 
fluid   lavu  to  escape  resistance  would  be   greatest.      Let  a 

Fig.  20. 
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(F?j».  20)  be  a  volcanic  rent,  tln-ongh  wliich  liquid  lava  is 
propelled  upwards  in  tlie  direction  d  f.  The  lava  being  of 
greater  specific  gravity  than  the  water  b  h  e  c,  it  would  tend 
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to  arrange  itself  hori/.oninlIy  in  llie  directions  J  6,  d  c.  TH 
surface  b  d  c  liaviu^  become  solkl,  llie  lava  would  esca}>e  from 
the  sides  b  and  c,  spreading  in  a  sheet  or  tubular  mass  around  ; 
and  this  eiff  ct  would  continue  so  long  as  the  propelling  power 
at  a  was  suflicieni  to  overcome  the  resistance  opposed  to  the 
progress  of  the  lava,  or  until  the  termination  ol"  Uie  eruption, 
if  that  should  first  happen. 

If  such  would  be  the  state  of  things  beneath  a  considerable 
depth  of  water,  the  tendency  to  protluce  ashes  and  cinders  in     , 
a  volcanic  vent  would  increase  with  its  approach  to  the  sti(^H 
face  of  the  water  ;  and  therefore  all  the  phfeiumiena  of  eruffll 
tions  from  beneath  the  surface  of  the  sea  would  differ  but  little 
from   those  observed  in  the  atmosphere.     Another  objection 
to  the  theory  of  craters  of  elevation  is,  that  the  stratification  of 
such  supposed  craters  is  precisely  that  of  craters  of  eruption; 
and  that  therefore  the  inference  from  this  circumstance  would 
be  in  favour  of  the  latter,  because  we  now  have  daily  examples 
of  such  modes  of  formation,  while  of  the  other  we  have  nonc;^^ 
Data  on  this  subject  are  so  few,  that  it  seems  difficult  to  etitJl^H 
mate  the  value  of  this  objection.     The  fact,  liowever,  thfl^^ 
solid  rocks  can  be  raised  by  elastic  va}>ours,  is  shown  in  the 
case  of  the  Li  llie  and  New  Kumeni,  (Island  of  Santorino,) 
where  brown  trachyte,  of  a  resinous  lustre  and  lull  ofcrvstal-s 
of  glassy  felspar,  was  upraised;  the  former  in  157S,  and  the 
latter  in  1707  and  1709.     The  elevation  of  the  Little  Kameni 
was  "accompanied  by  the  discharge  of  large  quantities  of  pu- 
mice, and  a  great  disengagement  of  vapour  *.'*      By  terming 
this    rise  an  eartlupiiike,    we   merely  seem  to  be  using  two 
names  for  tlie  same  thing.     That  there  were  elastic  vapours  it 
is  clear,  and  that  these  vapours  were  the  propelling  power 
may  be  fairly  inferred  ;  therefore  the  fact  is  the  same,  whether 
we  call  it  an  earthquake  or  a  volcanic  elevation,  and  it  wouUl 
be  st)niewhat  difiicuk  to  draw  fine  lines  of  distinction  between 
the  two.     Tlie  traulivte  of  New  Kameni  was  observed  to  have 
shells  upon  it  when  raised,  and  litnestone  and  marine  shells     i 
are  described  as  composing  a  pan  of  these  otherwise  igneod^H 
islands  f.  ^H 

These  occurrences  at  Santorino  are  quite  sufficient  to 
show,  that  volcanic  rocks,  with  shells  upon  them,  may  be 
raised  bodily  to  the  surface.  Clayslate  and  limestone  ap- 
j)ear  also  to  have  been  forced  upwards  at  some  previous  pe 
riod,  as  they  are  seexi  at  Motnil  ICIias,  dijvping  from  the  ii 
terior  outwards.  Liingsdorfl*  notices  a  trachyte  rock  3000  fe 
high,  whicli  appeared  in  1795  near  the  island  of  Unulaschka 
and  which  scemeif  to  have  been  thrown  up  as  a  mass  from  the 


•  Lyell,  Principles  of  Gculngy,  vol.  i.  p.  ;)86. 
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Jifom  ot  the  sea*  .  M.  Omalius  d'Halloy  cites  M.  Rein- 
(It  ns  staling,  that  on  the  western  side  ofihe  Isle  ol'  BnndHf 
«  liay  was,  in  1820,  replacetl  by  a  promontory  formed  of 
liuge  blocks  of  basalt.  Tlie  rise  of  land  is  (iei>cribed  as  havinir 
been  so  gradual,  that  the  inhabitants  were  not  aware  of  the 
change  until  it  was  nearly  completed.  It  was  accompanied 
by  a  bubl)ling  iind  great  lieatof  the  seaf.  Consitlering  this 
account  as  correct,  it  is  a  remarkable  example  of  the  quiet 
rise  of  land  above  die  level  of  the  ocean. 

Ingenious  explnivatioii.s  hHve  been  given  to  accoimt  for  the 
large  orifices  which  have  been  termed  craters  of  elevation. 
Mr.  Lyell  considers  that  the  crater  resulting  from  the  tle- 
struction  of  the  summit  of  Ktna  in  1  +  1-J>,  was  as  hirge  as  those 
noticed  in  other  places  and  named  craters  of  elevation;  and 
supposes  that  a  series  of  great  explosions  might  so  reihice  the 
cone,  that  finally  there  wou]*l  he  a  circular  hay,  forty  or  fifty 
miles  round,  in  an  island  seventy  or  eighty  miles  in  circum- 
ference, wholly  composed  of  volcanic  rocks  which  should  dip 
outwards.  But  supposing  siith  a(>pearauces  lo  have  been 
produced,  the  whole  base  of  Etnii,  a  kind  ol  circular  islaiui, 
would  still  show  its  lava-currents,  sections  ol"  which  would  be 
observed  in  tlie  interior  bay,  or  might  be  ex[iosed  outside,  and 
no  doubt  would  remain  that  it  was  a  crater  of  eruption.  How 
far  the  so-called  "craters  of  elevation"  mny  resemble  the  sup- 
posed case  of  Etna  remains  to  be  seen  :  yet  if  they  should  not, 
ns  is  considered  they  do  tiot,  [iresent  traces  of  lava-currents, 
radiating  from  a  centre  or  centres,  but  larg<*  envelopes  of  Irn- 
clme  or  other  fuse»l  volcanic  ruck,  they  cati  scarcely  be  re- 
ferred to  the  same  origin.  There  tloes  seem  a  possibility  of 
proilucing  craters  of  elevation  by  the  action  of  heat  and  elastic 
vapours  on  a  sheet  of  lava,  therefore  the  subject  should  be 
fairly  investigated,  without  bias,  with  proper  caution,  and  in 
the  necessary  detail. 

It  is  supp<xsed  that  after  llie  craters  of  elevation  were  formed, 
the  eruptive  action  poured  Ibrth  the  usual  volcanic  substances, 

llvhich,  when  it  was  couliniied  siiflitienlly  long,  produced  a 
cone  like  the  Peak  of  Tenerifie;  but  when  snnh  eruptive  action 

iVassmall,  or  the  crater  comparatively  recent,  the  ajipeiuances 
were  such  as  we  now  observe  at  IJarren  Island  in  the  Bay  of 
Bengal,  where  a  central  cone,  in  activity,  in  the  midst  of  a 
basin  of  water,  is  surrounded  by  a  circular  range  of  volcanic 
pround,  which,  according  t<)  the  (igure  given  by  Mr.  LyeU:|, 
rises  at  an  angle  of  about  45"^  from  the  sen.     The  height  tjf 


•  Daubony,  Description  of  Volcnnos,  ]»..'}  10. 

\  Oiimliiix  d'Halloy,  Element*  dc  fJt-olojjif,  p.  ■tO.'J. 

J  Principles  of  Geology,  vol,  i,  p.  300. 
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the  central  cone  is  about  1800  feet  above  the  water,  and  the 
elevation  of  the  surrounding  volcanic  circle  being  nearly  die 
same,  ihe  interior  is  only  viewed  thrfiugh  a  break  in  it.  It 
would  appear  that  the  rocks  of  this  island  are  extremely  hot; 
for  Capt.  Webster>  landing  upon  it  in  March  1822  or  1823, 
found  tlie  water  almost  boiling  at  one  hundred  yards  from  the 
shore;  the  stones  upon  the  beuch^  and  the  rocks  exposed  by 
tlie  ebb  tide,  hissing  and  steaming,  and  the  water  bubbling 
around  ttiem*. 

Von  Buch  adduces  llie  Caldern  in  the  Isleof  Palma,  Cana- 
ries, as  a  gootl  example  of  the  craters  of  elevation.  A  large 
precipitous  cavity  or  crater  exists  in  a  lofty  range  .^loping 
outwards,  which  incloses  it  on  all  sides  but  one,  where  a  gorge 
forms  the  only  connnunication  ironv  the  exterior  to  it.  The 
sides  of  this  great  cavity  expose  a  section  of  beds  of  basalt,  and 
conglomerates  composed  of  basaltic  fragments,  dipping  regu- 
larly outwards.  White  trachyte,  and  a  rock  composed  of 
hornblende  and  white  felspar,  are  also  noticed.  Now  if  the 
beds  be  so  regular,  and  not  composed  of  scoriaceous  niaiter 
or  ashes,  as  it  is  stated  they  are  not,  their  formation  wouhl 
seem  not  to  have  taken  place  in  the  air  or  beneath  a  small 
pressure  of  water,  but  under  dill'erent  circumstances,  which 
would  permit  the  basalt  to  be  flattened  into  tabular  masses, 
not  presenting  the  appearance  of  lava-currents  which  have 
flowed  in  the  atmosphere. 

Jorullo  affords  a  striking  example  of  the  outburst  of  volcanic 
action  in  the  interior  of  dry  land,  where  no  active  votcanos 
then  existed,  though  the  rocks  in  the  vicinity  would  .seem  to 
indicate  their  previous  presence.  Judging  from  the  direction 
of  the  vents,  a  dell  seems  to  extend  east  nud  west  across 
Mexico  to  the  Revillngigedo  Isles  in  the  Pacific.  Previous 
to  June  1759,  the  space  where  tlie  volcano  of  Jorullo  now 
stands  was  covered  by  imiigo  ruid  sugar-canes,  bouiulevl  by 
two  brooks,  the  Cuitimba  and  San  Pedro,  In  June,  hollow 
subterranean  noises  were  heard,  accompanied  by  earthquake.'!, 
which  lastetl  from  fifty  to  sixty  days.  Trnn(|uillity  seemed 
re-established  at  the  commencement  of  September,  but  on  tlie 
28th  and  'i9th  of  this  month  the  subterraneous  noises  again 
commenced,  and,  according  to  Humboldt,  the  ground,  with  a 
superficies  of  three  or  four  square  miles,  rose  up  like  a  bladder. 
The  extent  of  this  nunement  is  considered  to  be  now  marked 
by  an  elevation  round  its  edges  of  39  feet,  gradually  acquiring 
a  height  oi  S9.\  feet  towards  the  centre  of  the  present  vol- 
canic district.  The  eruption  appears  to  have  been  very 
violent,  fragments  of  rock  were  hurled  to  great  heights,  ashes 

•  Edit*.  Phil.  Journnl,  vol,  viii. 
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rere  tbrown  up  in  clouds,  and  the  light  emitted  was  seen  at 
rasiderable  distances.     'I'lie  Cuitiinba  and  San  Pedro  are 
lescribed  as  having  precipitated  themselves  into  the  volcanic 
rent,   and  to  have  aiisisted,   by  the  decomposition  of  theit 
[traters,  the  fury  of  the  eruption-     •'  Eruptions  of  miul,   and 
specially  of  strata  of  clay,   enveloping  balls  of  decomposed ' 
>asalc  ill  concentric  layers,  appear  to  indicate  that  sublena- 
leous  water  had  no  small  share  in  producing  this  extraordinary 
n'olution.     Thousauils  of  sm.-dl  cones,  troin  6  to  10  feet  in 
beight,   called   by  the  natives  Ilornitos  (ovens),  issued  forth 
rom  the  Malpays.     Each  small  cone  is  a  lumirole,  from  whiclt 
thick  vapour  ascends  to  the  height  of  from  22  to  32  ftet. 
In  many  of  them  a  subterraneous  noise  is  heard,  which  ap- 
?ars  to  announce  the  proximity  of  a  fluid   in   ebullition,'* 
"rom  amid  these  cones,  six  volcanic  masses,  varyinjgf  from  300 . 
1600  feet  in  height  above  the  old  plain,  were  ejected  from  a 
chasm  having  a  direction  N.N.E.  and   S.S.W.     The  most' 
levated  mass  is  named  Jorullo,  and  from  its  north  side  a  con->  \ 
(iderable  quantity  of  lava,  containing  fragments  of  other  rocks, 
jas  been  thrown  out.      The  great  eruptions  ceased  in  Febru- 
ry  1760,  and  afterwards  became  gradually  less  frequent. — 
The  opponents  to  the  theory  of  craters  of  elevation  consider 
le  raising  of  the  ground  in  the  form  of  a  bladder  as  not  alto- 
ether  proved,  resting  on   Indian  accounts  of  appearances, 
rhich   nave  been  considered  with  reference  to  a  particular 
leory. 
The  well-known  Monte  Nuovo  near  Naples  was  thrown  up. 
[in  a  day  and  a  night  in  1538.     This  is  also  described  as  ejected ' 
ifrom  a  fissure.     The  present  height  of  this  volcanic  elevation 
is  t-l-O  feet  above  tiic  seu,  and  its  circumference  about  a  mile 
and  a  half. 

Various  descriptions  of  volcanic  eruptions  will  be  found  in 
works  dedicated  to  the  subject,  and  couUJ  not  be  admitted 
within  the  necessary  limits  of  this  volume.  The  following  ac- 
count, however,  obtained  by  the  exertions  of  Sir  Stamford 
RafHes,  of  a  great  eruption  from  Tomboro,  in  the  island  of 
Sumbawn,  is  too  important  to  be  omitted. — The  first  explo- 
sions were  heard  at  various  distant  places,  where  they  were 
very  generally  mistaken  for  discbarges  of  artillery.  They 
commenced  on  the  5th  of  April  1815,  and  continued  more  or 
less  until  the  lOlh,  when  the  eruptions  became  more  violent; 
and  such  a  great  discharge  of  ashes  took  place  that  the  sky 
<<was  obscured,  and  darkness  prevailed  over  considerable  di- 
fitances.  It  ap|)ears  that  a  Malay  prow,  while  at  sea  on  the 
llth,  far  from  Sumbawa,  was  enveloped  in  utter  darkness,  and 
that,  afterwards  passing  the  Tomboro  mountain  at  the  distance 
jjCabout  6ve  miles,  the  commander  observed  that  the  tower  part 
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appeared  in  flames,  while  the  upper  portion  was  concealed  ii 
clouds.  Upon  landing,  for  the  purpose  of  procuring  wat 
he  found  the  ground  covered  to  the  de})th  of  three  feet  by 
(ishes,  and  "  several  large  prows  thrown  on  sliore  by  the  con- 
cussion of  the  sea."  Quitting  Suinbawa,  he  witli  diiliculty 
sailed  through  a  quantity  of  these  ashes  floatirtg  on  the  s 
which  he  described  as  two  feet  thick,  and  several  miles  in 
tent.  This  person  also  stated  that  the  volcano  of  Cara 
Assam,  in  Buli,  was  convulsed  at  the  same  time.  The  mi 
interesting  account  is  that  presented  us  by  the  commander 
the  East  India  Company's  cruiser  Benares,  which  is  nenrl 
as  follows : — At  the  commencement  of  the  explosions  tl>is  ves: 
was  at  Macasar,  and  the  rejwrts  so  closely  resembled  those 
cannon,  that  it  was  supposetl  there  was  an  engagement  of  pi 
rates  somewhere  in  the  neighbourhood.  Troops  were  con 
quentty  embarked  on  board  the  Benares,  and  the  vessel  stoi 
out  lo  sea  in  search  ot  ifie  sii|iposed  pirates.  On  the  8th  of 
April  she  returned,  wiihout,  having  found  any  cause  for  alarm. 
On  the  11th  tlie  ajiparent  dischai"ges  of  cannon  were  aga'm 
heard,  sometimes  shaking  the  ship  and  Fort  Rotterdam.  The 
vessel  proceetled  southward  to  ascertain  the  cause  of  these 
explosions.  At  eight  o'clock  on  the  morning  of  the  I2th, 
*''the  face  of  the  heavens  to  the  sonthwjird  and  westward  had 
assumed  a  dark  aspect,  and  it  was  much  darker  than  when 
the  sun  rose  ;  as  it  came  nearer  it  assumed  a  dusky  red  appear- 
ance, and  spread  over  every  part  of  the  heavens;  by  ten  it  was 
so  dark  that  a  ship  could  hardly  be  seen  a  mile  distant;  by 
eleven  the  whole  of  the  heavens  was  obscured,  except  a  small 
space  towards  the  horizon  to  the  eastward,  the  quarter  from 
which  the  wind  came.  The  ashes  now  bejian  to  fall  in  show- 
ers,  and  the  appearance  was  altogether  truly  awful  and  alarm- 
ing. By  noon  tlie  light  that  remained  in  the  eastern  part  of 
the  horizon  disnppeared,  and  complete  darkness  covered  the 
face  of  day.  This  continued  so  prolbund  dnrmg  the  remainder 
of  the  day,  that  1  <the  commander  of  the  Benares)  never  sow 
nnything  to  equal  it  in  the  darkest  night;  it  was  impossible  to 
see  the  hand  when  held  close  to  the  eyes.  The  aslies  fell 
without  intermission  throughout  the  night,  and  were  so  light 
and  subtile  that,  notwithstanding  the  precaution  of  spreading 
awnings  fore  and  aft  as  much  as  possible,  they  pervaded  every 
part  of  the  ship." 

"At  six  o'clock  the  next  morning  it  continued  as  dark  as 
ever,  but  began  to  clear  about  half-past  seven,  and  about  eight 
o'clock  objects  could  be  faintly  observed  on  deck.     From  tlus 

time  it  began  to  clear  very  fast The  appearance  of  tlie 

ship  when  day-light   returned  was  most  singular :  every  part 
being  covered  with  the  fallhig  matter.     It  had  the  appearance 
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'calcined  pumice-stone,  nearly  the  colour  of  wood-ashes ;  it 
Uy  in  heaps  of  a  foot  iti  depth  on  many  parts  of  the  deck,  and 
several  tons  weirjht  of  it  must  have  been  thrown  overboard : 
lor  though  an  impalpable  powder  or  dust  when  it  fell,  it  was, 
when  compressed,  of  considerable  weight.  A  pint  measure  of 
it  weighed  twelve  ounces  and  three  quarters  ;  it  was  perfectly 
tasteless,  and  did  not  affect  the  eyes  with  a  painful  sensation ; 
bad  a  faint  smell,  but  nothing  like  sulphur ;  when  mixed  with 
water  it  formed  a  tenacious  mud  dilllcult  to  be  washed  off." 

The  same  vessel  left  Macasar  on  the  13th,  and  made  Sum- 
hawa  on  the  18th.  Approaching  the  coast  she  encountered 
an  immense  quantity  of  pumice-stone,  mixed  with  numerous 
trees  and  logs  with  a  burnt  and  shivered  appearance.  Wlien 
arrived  at  Bima  Bay,  the  anchorage  was  lound  to  be  altered, 
as  the  vessel  grounded  on  a  bank  where  a  few  inonlhs  pre- 
viously there  had  been  six  fathoms  of  water.  The  shores  of 
the  bay  were  entirely  covered  with  the  ashes  ejected  from 
Tomboro,  which  is  distant  about  forty  miles.  The  explosions 
heard  at  Bima  were  described  as  terrific,  and  the  fall  of  ashes 
M>  heavy  as  to  break  in  the  Rcsidetit's  house  in  man}'  places. 
There  was  no  wind  at  Bima,  but  the  sea  was  greatly  agilatetl, 
die  waves  rolling  on  shore,  and  filling  the  lower  parts  of  the 
houses  a  foot  deep.  When  oil' the  Tomboro  mountain,  about 
ipx  miles  distant,  on  the  23rd,  the  commander  of  the  Benares 
observed  the  summit  to  be  enveloped  in  smoke  and  ashes, 
while  the  sides  showed  lava-currents,  some  of  wliich  had 
reached  Uie  sea. 

The  explosions  were  heard  at  very  considerable  distances. 
Not  only  were  they  noticed  at  Macusar,  which  is  217  nautical 
miles  from  Tomboro,  but  also  throughout  the  Molucca  Islands; 
tt  a  port  in  Sumatra,  distant  about  970  nautical  miles  from 
Sumbawa;  and  at  Ternate,  distant  7'iO  miles. 

Lieut.  Phillips  being  dispatched  to  relieve  the  wants  of  the 

inhabitants,  who  were  perishing  from  famine  and  disease, 

learned  from  the  Rajah  of  Saugur,  that  about  seven  o'clock  in 

the  morning  of  the  10th  of  April  there  was  an  appearance  of 

three  distinct  columns  of  flame,  all  within  the  crater,  which 

united  ut  a  great  height  upwards;  and  that,  subsequently,  the 

whole  mountain  appeared  like  a  mass  of  liquid  fire.     How  far 

the  appearance  of  Hanie  may  be  correct,  it  would  be  difficult 

to  say,  as  nothing  is  so  conunon  as  deceptive  appearances  of 

this  kind;  its  character,  however,  would  seem  remarkable. 

^  The  Rajah's  account  proceeds : — "  The  fire  and  columns 

■5f  flame  continued  to  rage  with  unabated  fury,  until  the  dark- 

nes»  caused  by  the  quantity  of  falling  matter  about  eight  p.m. 

Atones  at  this  time  fell  very  thick  at  Saugar,  some  of  them  as 

as  two  fists,  but  generally  not  larger  than  walnuts." 
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Soon  after  10  P.M.  a  violent  whirlwind  arose,  '•which  blew 
down  nearly  every  house  in  the  villn^c  of  Saugar,  carrying  the 
tops  and  light  parts  along  with  it.  In  the  part  of  Saugar  ad- 
joining Tomboro  its  effiects  were  much  more  violent,  tearing 
up  by  the  roots  the  largest  trees,  and  carrying  them  into  the 
air,  togeiher  with  men,  houses,  cattle,  and  whatever  else  came 
within  its  influence.''  The  sea  was  agitated,  rising  twelve  feet 
higher  than  it  was  ever  known  to  do  before.  The  water 
rushed  upon  the  land,  sweeping  away  houses  and  all  within 
its  influence,  and  destroying  the  few  rice-grounds  which  pre- 
viously existed  at  Saugar.  As  might  have  been  expected 
amid  such  a  convulsion,  a  great  destruction  of  life  was  effected, 
and  many  thousand  inhabitants  were  killed.  The  vegetation 
on  the  norlli  and  west  sides  of  the  peninsula  was  completely 
destroyed,  with  the  exception  of  a  high  point  of  land  where 
the  village  of  Tomboro  previously  stoutl,  and  where  a  few 
trees  still  remained*. 

The  changes  produced  by  such  erufvtions  as  that  here  re- 
corded, would,  independently  of  (he  alteration  in  the  shape  ol 
the  volcano  itself,  and  ot"  the  streams  of  lava  which  flowed  from 
it,  extend  to  very  considerablt:  distances.  On  the  dry  land, 
vegetables  and  animals  would  be  entombed  beneath  stones  and 
ashes,  the  quantity  of  the  covering  m.^tter  probably  increasing 
with  the  proximity  to  the  volcano.  And  if  it  should  chance, 
as  sometimes  happens,  that  the  aqueous  vapours  dischari 
from  the  volcanic  vent  were  suddenly  condensed,  the  torreni 
produced  would  sweep  away  not  only  the  looser  parts  of  ti 
volcano,  but  also  the  plants  and  animals  which  they  mi 
encounter,  embedding  them  in  a  thick  mass  of  alluvial  matte* 

The  vegetable  and  animal  substances  enveloped  by  the  di 
charged  ashes,  cinders,  and  stones  falling  into  the  sea,  woul 
be  both  marine  and  terrestrial ;  and  a  very  curious  mixture, 
far  as  regarded  its  organic  contents,  would  be  observed  :  ire 
men,  cattle,  fish,  corals,  and  a  great  variety  of  marine 
mains,  would  be  encased,  and  it  might  so  happen  that  bol 
on  the  land  and  in  the  sea  a  bed  of  lava  might  cover  such  ac- 
cutnulations. 

In  the  case  of  the  great  discharge  of  lava  in  Iceland,  in  the 
vear  1783,  many  terrestrial  remains  may  have  been  covered 
by  the  igneous  matter,  possibly  some  in  such  situations  as  to 
preserve  their  form.  Shoultl  a  similar  eruption  lake  place 
in  the  sea,  where,  as  liefore  observed,  the  conditions  are 
favourable  for  the  production  of  a  sheet  of  lava,  sands  and 
clays,  perhaps  full  of  marine  remains,  would  be  covered  over, 
and  very  considerable  changes  might  be  produced  by  such  a 

•  Life  of  Sir  Stiimford  Raffles, 


Volcanos. 


13S 


iperincumbent  mass  of  heated  matter.     Upon  these,  nfier  a 

jrtain  time,  sands  and  clays,  charged  with  organic  remains, 

light  be  accumulated,  and  again  covered  up  by  a  new  erup- 

n.    Thus  protlucing  an  alternation  of  igneous  and  aqueous 

:ks. 

r.  Henderson  notices  an  alternation  of  fossil  wood,  clay, 
ind  sandstone  in  Iceland,  surmounted  by  basalt,  tuff,  and  lava. 
[When  this  accumulation  of  vegetable  matter  was  so  covered 
not  so  clear ;  but  if  Mr.  Henderson  be  right  in  considering 
of  the  fossil  leaves  as  those  of  the  poplar,  it  is  not,  pro- 
ibly,  very  recent,  for  it  supposes  a  change  of  climate,  as 

lars  do  not  now  grow  in  Iceland*. 
During  great  explosions,  volcanos  cannot  be  approached 
ifnciently  near  for  the  purposes  of  very  minute  observation ; 
lerefore  we  can  only  judge  of  some  of  the  probable  effects 
irom  appearances  at  their  calmer  periods,  and  consequently  a 
hninor  state  of  activity  is  very  favourable  for  such  examinations. 
[After  ineffectual  attempts  to  observe  the  workings  of  the  fluid 
^nass  wiihin  the  crater  of  Vesuvius  at  the  commencement  of 
,  when  that  mountain  was  somewhat  active,  I  was  fortu- 
ne enough  on  the  1 5th  of  February  to  have  ascended  on  a 
lim  day,  when  the  vapours  darted  majestically  upwards  as 
iey  were  propelled  from  the  small  cone  in  the  middle  of  the 
rand  craterf.  The  incandescent  matter  in  the  vent  was  at 
[ics  distinctly  visible, — a  rare  circumstance;  for  should  there 
the  slightest  movement  in  the  air,  every  object  is  obscured 
the  vapours.  After  the  more  continued  detonations  there 
s  a  lull  or  calm,  succeeded  by  a  violent  explosion,  throwing 
[op  stones  to  a  considerable  height,  mixed  with  pieces  of  red- 
it  lava,  the  latter  liilling  like  lumps  of  soft  paste  on  the  sides 
the  small  cone.  When  the  vapour  cleared  away,  the  red- 
mass  appeared  as  if  in  ebullition  from  the  passage  of  the 
seous  matters  through  it.  The  light  emitted  varied  exceed- 
igly  in  intensity,  being  brightest  at  the  moment  of  the  great 
cpiosion,  when  a  great  volume  of  vapour  .suddenly  forced  its 
y  through  the  fiery  mass,  darting  up  with  great  velocity, 
i  carrying  all  before  it.  Wishing  to  profit  by  my  good 
rtune,  I  continued  many  hours  on  the  mountain,  until  night 
iosed  in,  hoping  that  objects  might  be  perceived  within  the 
rater  not  previously  observed.  In  this  I  was  tlisappointed, 
ipearances  being  (he  same,  though  njore  distinctly  visible. 
ie  picturesque  effect,  however,  was  greatly  hcightenefl ;  the 
tid  ejected  substances  darted  upwards  like  a  grand  discharge 

I     •  ltcndor»on'»  Iceland,  vol.  ii.  p.  1 1.'».    ,'^ccordin^  to  ihi'<  uulhor,  tlic  lig- 
I  Bit*  deposit  occurs  c.vtcnsively  in  the  N.W.  peninsiu:!  of  Iceland. 

t  lor  n  ski'tih  of  the  cr.niiT  nt  this  timo,  sec  Sections  and  Views  illm- 
'naive  of  Geological  Pha:a'>incna,  pi.  2J. 
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of  red-ljot  balls,  while  the  reflection  of  the  incaadescent  mi 
ter  within,  on  the  vapour  above,  was  at  times  extrenu 
brilliant,  producing,  at  a  distance,  tliose  false  appearances  of 
flames  so  frequently  noticed.  FJame,  that  is,  the  corabustion^j 
of  some  inflammable  gns,  does,  however,  seem  to  issue,  tbou^t^| 
very  rarely,  from  volcanic  vents.  Sir  Humpliry  Davy  noiiceS^^ 
a  jet  of  Hame  as  proceeding  from  an  aperture  on  the  side  of 
Vesuvius  facing  Torre  del  Greco,  in  May  1«1+:  it  rose  t^^H 
the  height  of  sixty  yards,  accompanied  by  a  violent  hissioj^^ 
noise.  It  continued  ibr  three  weeks,  but  Sir  Humphry  Davy 
was  unable  to  collect  any  inflammable  gas*. 

The  prtxhicts  of  active  volcanos,  though  man  seems  to  ex- 
haust his  language  in  finding  terms  to  express  his  horror  an^" 
dismay  at  their  nicKle  of  ejection,  do  not  constitute  such 
addition  to  dry  Innd  as  at  first  sight  would  appear  probable,- 
for  their  mnss  must  be  regardetl  relatively  to  die  mass  of  (ii 
land  generally,  and  not  with  reference  to  particular  disti'ict 
Moreover,  cavities  corresponding  with  the  quantity  of  matt 
thrown  out  will  sometimes  occur  not  liir  beneath  the  surface; 
and  when  the  weight  above  shall  overcome  the  resistance  be^H 
low,  either  suddenly  from  a  violent  convulsion,  or  slowly  froii^| 
gradual  change,  the  mass  above  will  JlvU  into  the  abyss  beneath, 
and  matter  be,  in  some  measure,  restored  to  its  place.  Among 
volcanic  changes  it  is  by  no  means  uncommon  to  hear  of  hills 
disappearing,  and  being  converted  into  lakes.     The  most 
morable  example,  perhn[)s,  of  tlie  disappearance  of  a  vole, 
is  that  which  took  place  in  Java  in  1772.     The  Papauday; 
on  the  south-western  part  of  the  island,  reputed  one  of 
largest  volcanos,  was  observed  at  night,  between  the  1 1th  and 
12th  of  August,  to  be  enveloped  by  a  luminous  cloud.     The 
inhabitants  being  alarmed,  betook  themselves  to  Bight;  but 
before  they  could  all  escape,  the  mountain  fell  in,  accompani 
by  a  sound  resembling  the  discharge  of  cannon.     Great  qu 
tiiies  of  volcanic  substances  were  tlirown  out,  and  carried  oV( 
many  miles.     The  extent  of  ground  thus  swallowed  up  wi 
estimated  at  fifteen  miles  by  six.     Forty  villages  were  enguUc 
or  covered  by  the  substances  thrown  out,  and  2957  perso 
were  reported  to  have  been  destroyed  f . 

Extinct  J'olcanos. 

From  a  similarity  of  appearances,  rocks  existing  under  cer- 
tain circumstances  where  there  are  at  present  no  active  vents, 
have  been  attributed  to  a  volcanic  origin.  To  draw  fine  lines 
of  distinction  between  volcanos  now  in  activity  and   ihoau 


•  t>av^■,  VhU.  Trans.  18:16. 


i  Hursflcldi  as  quoted  by  Daubcny. 
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nci^^^eftr  extinct,  would  be  almost  impossible,  for  there  is . 

|s>o  ctrtaiiity  that  the  one  may  not  soon  be  converted  into  tlioJ 

[ether.     Of  this  we  probably  have  a  good  example  in  Vesuvius,' , 

jmrhich  after  beinpr,  as.  far  as  we  can  judge  from  liistorical  re-| 

Icnrds,  for  a  long  period  extinct^  became  convulsed  in  the  year  j 

79,  destroyed  the  higher  part  of  its  o)d  cone,  part  of  which  i 

now  remaining  is   named  Monte  Sommaj  and  overwhelmed  J 

Herculaneiim,  Pompeii,  and  Stabiie,  entombing  not  only  men, 

but  theatres,  temples,  palaces,  and  innumerable  works  of  art^ 

tk'hicb  have  afforded  by  their  disinterment  mor<;  real  know-*! 

ledge  of  the  manners  and  customs  of  the  ancient  inhabiumts  of] 

these  beautiful  regions  of  lluly,  tlian  all  the  writings  whicti; 

have  escaped  destruction. 

Solfaiaras,  as  they  are  termed,  are  usually  considered  as 
•emi-extinct  volcanos,  emitting  only  gaseous  exhalations  and 
iqueous  vapour;  but  there  can  be  no  certainty  that  they  also ' 
may  not  again  enter  into  activity.    According  to  Dr.  Daiibeny, 
tulpLuretted  hydrogen  anil  a  small  jwrtion  of  muriatic  acid, 
are  contained   in  the  steam  which  rushes  out  of  the  fuma-l 
[  loies  nl  the  Solfatara  near  Naples.     The  rocks  of  the  crater 
I  and  vicinity  are  greatly  decomposed  by  the  action  of  those 
fjueoos  exhalations;  and,  among  other  salts  thus  formed,  the< 
Jnariate  of  ammonia  is  the  most  abundant.     SoUhtaras,  varw] 
ously  tnoditied,  are  by  no  means  rare  in  volcanic  countries. 

Not  only  do  extinct  volcanic  vents  occur  in  regions  wbereJ 
active  volcanos  now  exist, — so  that  we  may  imagine  a  meroj 
change  of  fiery  orifice, — but  they   are  also  found  in  dislrictal 
*here  all  trace  of  activit}'  has  l)een  lost  since  the  earliest  hi- 
Hnrical  times,  if  we  except  the  presence  of  mineral  and  thermal^ 
^rings.     In  Central  France  and  in   Germany  such  appear- 
[>«nces  are  particularly  remarkable,  and  it  has  been  attempted 
jto  draw  a  line  of  distinctinii  bulween  those  volcanos  wliich 
ibave  existed  in  a  st.ite  of  activity  since  the  establishnient  of  tlia  i 
['present  order  of  things,  and  those  whose  activity  was  previous 
iilo  this  state.     The  subject  is  full  of  difficulty,  more  especially  | 
i  respects  Central  France,  where  volcanic  ejections  have  taken 
llfice  at  different  }>eriods ;  so  that  there  is  no  ready  mode  of  j 
laking  geological  distinctions  between  the  ejections,  which ' 
would  seem  little  else  than  productions  IVom  new  orifices 
opened  for  the  discliarge  of  volcanic  matter  in  the  same  region. 
We  may    be    able  to  observe  the  extremes,    but  to   mark. 
striking  and  easily  distinguishable  points  intermediate  between  ^ 
,thcra  would  be  exceedingly  diflicult.     Volcanic  ejections  were] 
)>robabiy  continued  through  nearly  the  same  orifices  for  a  lon| 
period  of  lime,  during   which    many    and   great   geologica 
changes  were  taking  place  aruund  them,  and  on  the  surface  of 
ilic  earth  geiicrHlly. 
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It  has  been  attempted  to  determine  the  relative  ages  of  vc 
canos  by  the  absence  or  presence  of  craters ;  as  also  on  the  su[ 
position  thnt  some  have  existed  prior  to  the  excavation  of  vt 
leys,  while  others  have  been  produced  after  their  formation 
tlieir  lava-currents  having  been  discharged  into  them.  Sut 
distinctions  can  scarcely  be  made;  for  craters  may  be  easil 
obliterated,  and  relative  age,  from  the  excavation  of  vaileyjj 
cannot  be  very  satisfactorily  established  atnid  circumstauc 
which  could  so  easily  produce  changes  in  tliis  respect, 
more  direct  mode  has  been  to  try  their  relative  antiquity  bjT 
means  of  the  mineral  structure  of  their  lavns  ;  and  if  this  should 
hold  good,  it  would  be  the  Siifest  guide  ;  but  it  may  be  doubted 


how  far  our  knowledge  of  volcanic  products  authorizes  so 
neraJ  a  conclusion.  That  there  is  a  great  difference  in 
mineral  character,  generally,  between  the  igneous  rocks  of 


th^ 


older  periods  of  the  world  and  those  at  present  formed,  few 
will  doubt.     We  know  uf  no  granite  or  serpentine  streaiq^H 
thrown  out  from  modern  volcanos  ;  but  when  igneous  rocks  l^H 
closely  allied  in  geological  dates  as  those  produced  by  active 
and  oxtincl  volcanos  are  under  consideration,  such  distinctioi 
should  not  be  too  hastily  adopted. 

Dr.  Daubeuy  considers  that  the  more  modern  volcanic  pr 
ducts  of  Auvergne  are  more  cellular,  have  in  general  a  harsh* 
feel,  and  possess  a  more  vitreous  aspect  than  the  more  ancient^ 

In  Auvergne  and  the  Vivarais  there  are  numerous  example 
of  the  more  modern  extinct  volcanos,  the  craters  of  which  are 
frequently  very  perft'Ct,  or  merely  broken  down  by  the  di^^J 
charge  of  large  lava-currents  fiom  them.  Details  respectil^^| 
ihem  will  be  found  in  works  written  expressly  on  the  snbject^^ 
and  pictorial  representations  among  the  views  contained  in 
Mr.  Scrope's  work  on  Central  France f. 

In  the  district  of  the  Eife!,  near  the  Rhine,  there  are  al 
extinct  vulcanos  which  liave  been  considered  as  comparative 
recent,  from  the  situations  which  they  occupy;  having  beei? 
apparently  produced  after  the  formation  of  the  valleys  in  the 
neighbouring  country.     In  the   volcanic   district  of  Central 
France  the  lava-currents  have  in  some  places  traversed  valleys, 
and  dammed  up  the  waters  thivt  pass   through   them.     'Ihe 
waters  so  dammed  up  accumulated  into  a  lake,  which  was 
subsequently  drained  through  a  gorge  cut  in  the  rocky  barrier 
by  means  of  the  surplus  witter;  which  not  only  effected  this, 
but  also  cut,   by  continual  erosion,  into  the  rock  beneath, 
forming  a  part  of  the  original  valley. 

Many  other  examples  of  extinct  volcanos  have  been  noticec 

•  Description  of  Volcanos. 

f  Purl  of  one  of  ifie  most  blTikinj»  of  these  view*  is  copied  in   "Section* 
and  Views  illu^lralivc  of  Geological  Phtcnomcna,"  pi.  2-1. 
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listricts  where  active  volcanos  do  not  now  exist.  Thei 
;lative  antiquity  is  however  so  little  understood,  that  a  gen« 
il  classification  of  them  cannot  be  attempted. 


Mineral  Volcanic  Products. 

Various  classifications  of  volcnnic  substances  have  been 
)roposed,  among  which  the  division  into  Trachytic  and  Ba- 
iltic  seems  to  be  that  most  commonly  adopted  ;  trachyte  being 
considered  as  essentially  composed  of  felspar,  and  containing^ 
[crystals  of  glassy  lelspar^   while  l>asalt  is  supposed  to  be  es» 
[sentially  composed   of  felspar,  atigito,  and  titaniferous  iron^J 
[Lavas,   however,  present  such  various  mixtures  of  different] 
iminerals,  that  exact  classifications  of  them  would  appear  ex«' 
[teedinjrly  difficult;  and  when  we  consider  that  these  different 
[compounds  may  be  infinitely  modified  by  circumstances,  such 
classifications  cannot  be  of  much  value.     These  products  are 
of  such  a  compound  nature,  consistinf»  of  felspar,  augite,  ieu« 
cite,  hornblende,  micii,  olivine,  mid  other  minerals,  that  de*  i 
finite  names  can  scarcely  l>e  attached  to  them.     Mr,   Foulett  I 
Scrope  has  distinguished  the  rocks  termed  trachyte,  basalt^ 
md  p;raystone  (the  latter  a  name  proposed  by  himselli)  under 
the  following  heads: — 1.  Compound trachjlCy  with  miai,  horn- 
blende, or  augite,  sometimes  both,  and  grains  of  titaniferous 
*roo.     2.  Simple  tracAyte,   without  any  visible  ingredient  but  I 
jjspar.     3.  Quarlsi/'erous  truc/n^tc,    when  containing  nume- 
'  rous  crystals  of  quartz,     i.  Siliceous  trachyte,  when  apparently 
much  silex  has  been  introduced  into  its  composition.     1.  Com» 
mon  grat^stone,  consisting  of  felspar,   augite,  or  hornblende,' 
•nd  iron.     2.  Leitcitic  grat/siottc^  when  leuctie  supplants  the 
felspar.     S.  Melilitic  grni/stonr,  when  nielilite  supplants  the 
[felspar.  Sec.      I.  Common  basalt,  composed  of  felspar,  augite* 
IBod  iron.     2.  Letlcilic  basalt,   when  leucite  replaces  the  fel* 
\T.     3.  Olivine  basalt^   when  olivine  replaces  the  felspar; 
Maift/ine  basalt,  when   hauyine   replaces   the   felspar.     5; 
ferruginous  basalt,  when  iron  is  a  predominant  ingredienU 
Augite  basalt,  when  augite  composes  nearly  the  whole 

As  all  fused  substances  will  tend  to  crystallize,  or  arrange 
ftheir  component  parts  more  compactly,  where  their  liquidity 
continues  the  longest,  anti  their  loss  of  temperature  is  the 
•lowest,  we  find  that  lava-ciin-ents  are  always  more  crystallinej 
or  compact  in  their  interior  parts,  and  that  dykes  cutting  vol- 
canic cones  are  generally  more  compact  and  crystalline  tliaii 
llie  lavas  which  flow  from  them  ;  such  tlykes  being  also  more 

•  Quartcd)  Journal  ofbcicncc,  vol.  xu.  1826. 
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crystalline  towards  their  interior  parts  than  tuward^i  their  wall 
or  sides.  It  has  been  inferred  from  the  appearance  and  dis- 
tribution of  the  ejected  matters,  that  many  volcanic  rocks  have 
not  been  (inrined  in  the  atmosphere,  btit  beneath  seas,  and 
that  they  have  been  subsequently  elevated.  The  ashes  and 
pumice  ejected  from  volcunos  Ht'cni  merely,  If  I  may  so  express 
myself,  the  frothy  part  of  the  <i;reat  fused  and  incandescent 
matter  within,^  protUiced  by  the  action  of  elastic  vapours,  or  by 
the  intumescence  of  that  matter  under  diminished  pressure. 
The  force  required  to  eject  such  hg;ht  substances  is  evidently 
(ar  inferior  to  lliat  necessary  for  the  jiropiiision  of  the  more 
solid  lava,  and  consequently  tlie  one  is  in  general  more  com- 
mon than  the  other.  As  might  be  expected  from  tijc  nature 
of  such  mineral  productions,  volcanic  substances  vary,  from 
the  lightest  ash  to  a  highly  crystalline  rock,  the  intermediate 
sLntes  bein^  vitreous,  and  of  the  character  of  obsidian.  The 
quantity  ol  minerals  detected  in  volcanic  products  is  exceed- 
ingly great,  a  circumstance  by  no  menus  surprising  when  we 
consider  the  various  elementary  substances  acted  on  by  heat 
in  the  bowels  of  a  volcano,  and  striving  to  combine  witii  each 
other  in  various  ways*. 

Not  only  nre  fused  substances  ejectetl,  but  also  various  por- 
tions of  nicks  traversetl  by  the  volcanic  vent;  and  as  this  is 
very  variously  situated,  so  are  the  rocks  various  which  are 
thrown  out.  Vesuvius  having  been  under  observation  for  so 
long  a  period,  its  products  have  received  greater  attention 
than  falls  to  the  lot  of  most  volcanos ;  and  it  has  been  observed, 
though  no  doubt  volcanos  vary  most  materially  in  this  respect, 
that  such  ejected  substances  are  far  from  beiug  either  rare  or 
of  one  kind.  The  Chevalier  Monticelli's  invaluable  collection 
of  Ve&uvian  products  at  Naples  contains  a  great  variety  of 
these  substances,  among  which  may  be  seen  fragments  of  the 
compact  limestones  of  tlie  district,  with  organic  remains  in 
them,  seeming  to  show  that  the  vent  traverses  the  limestones, 
and  that  the  fiery  mass  rends  off  portions  of  them,  as  indeed 
might  be  expected  from  the  nature  of  the  country.  The  lime- 
stones so  ejected  are  often  impregnated  with  magnesia,  sui 
posed  to  have  been  acquired  in  this  great  natural  crucible. 


Volcanic  Di/keSf  (^r. 

Dykes  or  fissures  in  the  sides  of  volcanos,  subsequently 
filled  by  melted  lava,  are  sufliciently  common.  M.  Nccker  de 
Saussure  mentions  numerous  dykes  which  traverse  the  beds 

•  Sulphur  i«  exceedingly  common,  and  ist  often  sublitiu-J  iu  such  quan- 
tities as  to  be  carried  a\\n\  for  ccoiiumical  pui'iiuscs. 


Volcanic  Dykes^  Sfc. 
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fsrAx  Sommn.  These  veins  are  nearly  all  of  the  same 
composition,  diflerinj^  somewhat  from  the  lava-beds  they  cut; 
BHgitc  being  more  abimilant,  while  leucite,  so  common  in  the 
beiJ:>,  occurs  rarely  in  the  dykes,  with  the  exception  of  one 
vein  of  Monte  Otnjano,  anil  another  near  the  foot  of  the  Punle 
del  Nasone,  which  contain  large  crystals  of  leucite.  The  lava 
of  the  dykes  also  contains  minute  crystals  of  felspar  (?),  with 
a  considerable  nbundunce  of  a  yellow  substance,  which  may 
be  olivine.  The  rock  compnKJng  ihe  veins  is  fine-«;rained  on 
the  sides,  and  more  cryHtalliue  in  the  middle.  These  veins 
vary  from  one  to  twelve  feet  in  width. 

One  remarkable  dyke,  different  from  the  rest,  occurs  at 
Otnjano.  It  is  about  ten  funl  utid  a  liulf  wide,  and  rises  per- 
pendicularly to  tlie  crest  of  the  mountain,  having  wppurcnlly 
turned  up  the  ailernating  bed.s  of  porous  and  cunipuct  lava 
which  it  traverses.  Another  singular  dyke  cuts  (he  rocks  of 
the  Primo  Monte.  It  rises  perpendicularly,  and  is  formed  of 
a  slightly  greenish  gray  and  homogeneous  rock.  At  its  base 
(tliat  of  the  mountain)  it  is  only  eleven  inches  wide,  and  for 
twelve  feet  of  its  height  is  bordered  by  a  line  of  vitreous  lava, 
ikalf  an  inch  thick,  separating  it  from  the  porous  volcanic 
ia  which  it  cuts.  Above  the  twelve  feel,  the  vitreous  lava 
s  entirely,  the  solid  rock  occupying  the  whole  vein*. 
Dr.  Daubeny  notices  tuff  traversed  by  dykes  of  a  celtular 
trachytic  lava  at  Stromboli,  and  at  Vulcanello  in  the  island 
of  Liparif.  Dykes,  described  as  resembling  greenstone,  were 
noticed  by  Sir  George  Mackenzie  traversing  alternate  beds  of 
tuf!'and  scoriaceous  lava  in  Iceland- 
Dykes  of  porphyry  traverse  the  older  lavas  of  Etna.  Their 
formation  is  by  no  means  dithcult  of  explanation,  by  su}>po- 
fcing  fissures,  which  sometiuies  luive,  and  sometimes  have  not, 
penetrated  lo  tlie  surface,  injected  with  incandescent  lava.  Of 
hssures  extending  to  the  siniiice,  the  cleft  twelve  miles  long 
and  six  feet  broad,  which  opened  on  the  flank  of  Etna,  be- 
tween the  plain  of  St.  Lio  and  a  mile  from  the  summit,  at  the 
commencement  of  the  great  eruption  of  1669,  is  an  example  ^:. 
This  fissure  gave  out  a  vivid  hght ;  from  which  Mr.  Lyell 
with  great  probability  concludes  thai  it  %vas  filled  to  a  certain 
height  with  incandescent  lava.  Alter  the  formation  of  this, 
five  other  fissures  were  produced,  and  emitted  sounds  lieard 
at  the  distance  of  Ibrly  niiJes^. 

While  on  this  subject  it  may  be  us  well  to  notice  the  pro- 

•  Necker,  Memoire  sur  Ic  Mout  Sunitua,  M^m.  de  la  Soc.  de  Pbys.  ct 
d'HUt.  Nat.  de  Geneve,  1823. 

f  Daubeny's  Doscription  of  Volcanos,  p.  185 — 187,  where  there  are 
tivw>  of  thc'tc  appcaranccfl. 

J  Lyell,  Priucipk's  of  Ucologj'.  (  Ibid,  vol.  i.  p.  304. 
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babie  efTecls  of  a.  column  of  Inva   passing 

rocks^  insinuntii)^  uieltfd  matter  among  iLe  strata^  ov  through 

fissures  formed  in  them. 

Let  a  b  in  the  annexed  diagram  represent  a  column  of 
quid  lava,  traversing  hurizontal  strata.     It  Fir.  21. 

is  obvious  that  it  will  strive  to  overcome 
the  resistance  of  the  sides,  and  such  re- 
sistance will  always  be  less  be'.ween  the 
strata  than  elsewhere.  If  it  obtain  an 
aperture  in  that  direction,  it  wilt  endea- 
vour to  separate  one  stratum  from  another  ; 
and  it  will  the  more  readily  accomplish 
ihis,  as  to  the  pressure  of  the  column  of 
lava  will  be  added  the  mechanical  action  of 
the  wedge;  and  eventually  Jir^  injection  of 
liquid  lava  may  be  made,  and  carried  laterally,  so  far  as  the 
pressure  will  permit.  Thus,  if  a  separation  oi"  the  strata  can 
be  commenced  at  d,  it  will  be  carried  on  in  tlic  direction  d  c 
OS  fur  as  the  pressure  of  the  column  a  d  will  permit,  If,  in- 
stead of  ihirt  kind  of  injection,  we  consider  the  strata  to  have 
been  fractured,  as  is  very  likely  to  be  the  case  near  volcanic 
action,  the  fissure  will  be  filled,  and  force<l  asunder  as  far  as 
resistances  will  permit.  Thus,  if  a  fracture  e/he  made,  it 
will  be  filled  by  liquid  lava  as  far  as  can  be  effected  by  the 
pressure  of  the  column  a  e.  The  strata  have  here  been  sup- 
posed horizontal,  tor  the  sake  «t"  illustration,  but  ns  they 
might  occur  in  nil  modes,  the  effects  would  be  varied  accord- 
ingly, the  principle  remaining  the  same. 


Earthquakes. 

The  connexion  between  volcanos  and  earthquakes  is  now 
so  generally  admiued  that  it  would  be  useless  to  enumerate  the 
various  circunistances  that  point  to  this  conclusion.  They 
both  seem  the  effects  of  some  cause  us  j'et  unknown  to  us.  The 
motion  of  the  ground  produced  by  carthtjuakes  is  not  always 
the  same;  sometimes  resembling  the  undulatory  movement  of 
a  heavy  swell  at  sea,  though  much  quicker,  and  being  at 
others  tremulous,  as  if  some  force  sliook  the  ground  violently 
in  one  spot.  The  former  of  these  is  far  the  most  dangerous, 
as  it  forces  walls  and  buildnngs  ofl"  their  centres  of  gravity, 
crushing  whatever  may  be  beneath  them. 

It  has  been  considered  tfiat  earthquakes  are  presaged  by 
certain  atmospheric  appearances,  but  it  may  be  questionable 
to  what  extent  thi-i  supposition  is  correct.  Historians  of  earth- 
quakes seem  to  have  been  generally  desirous  of  prothicing  ef- 
fect in  their  description^,  adding  all  that  ct'uld  lend  to  hciL'hten 
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c  horror  of  the  picture.  They  have  not  nlways,  moreover, 
been  anxious  or  able  to  separate  accidental  trom  essential  cir- 
cumstances. As  far  as  my  own  experience  goes,  which  is 
however  merely  limited  to  four  eartlitjuakes,  the  atmosphere 
seemed  little  affected  by  the  movement  of  the  earth  ;  though  I 
would  be  far  from  denying  that  it  may  be  so;  for  we  can 
scarcely  imagine  such  movements  to  arise  in  the  earth,  witli- 
out  some  modification  or  change  of  its  usual  state  of  electri- 
city which  would  affect  the  atmosphere.  If  animals  be  gene- 
rally sensible  of  an  approaching  shock,  it  might  arise  as  well 
from  electrical  changes  as  from  the  sounds  which  they  may  be 
supposed  capable  of  distinguishing. 

Earthquakes  very  fref]ueiitly  precede  violent  volcanic  ex- 
plosions, even  though  they  may  be  felt  flir  from  a  fiery  vent. 
Thus,  the  great  earthquake  which  ravaged  the  Caraccas, 
March  2Glh,  1812,  was  followed  by  the  great  eruption  of  the 
SoufTrier  in  St.  Vincents,  on  April  .*iOlh  of  the  same  year; 
when,  according  to  Humboldt,  subterranean  noises  were 
heard  tlie  same  day  at  the  Caraccas  and  on  the  banks  of  the 
Apure. 

Earthquakes  are  felt  over  very  considerable  spaces ;  and  of 
this  no  better  example  has  yet  been  recorded  than  the  cele- 
brated earthquake  of  Lisbon  in  1755,  ihe  shock  of  which  was 
felt  over  nearly  the  whole  of  Europe,  and  even  in  the  West 
Indies.  The  force  capable  of  causing  such  extensive  vibra- 
tions must  have  been  very  considerable;  and,  with  every  al- 
lowance for  the  easy  transmission  of  motion  and  sound  late- 
rally through  rocks,  must  have  required  considerable  depth 
for  its  production.  Motion  seejns  always  to  be  communicated 
to  water  during  earthquakes,  the  vibratory  movement  being 
Tery  frequently  felt  by  vessels  at  sea,  and  waves  of  greater  or 
less  magnitude,  according  to  the  force  of  the  shock,  being  com- 
monly driven  on  shore.  The  wave  produced  during  the  great 
Lisbon  earthquake  rose  sixty  feet  high  at  Cadix,  and  eighteen 
feel  at  Madeira,  causing  various  inoveuienLv  of  the  water  on 
the  coasts  of  Great  Britain  and  Ireland.  Similar  waves» 
though  of  proportionally  less  size,  are  common  during  volca- 
nic eruptions;  motion  being  produced  in  tho  surrounding 
water,  which  being  unable  to  rend  and  crack  like  the  land, 
communicates  the  impulse  it  has  received  to  the  waters  around, 
and  thus  a  wave  is  propagateil  which  will  diminish  in  height 
in  proportion  as  it  recedes  from  the  disturbing  cause.  In  al- 
most all  ports  irregularities  in  the  motion  of  the  sea  are  at 
times  observable,  which  cantiot  be  reconciled  with  the  tides 
or  motions  communicated  to  water  by  temporary  currents  or 
winds  in  the  offing.     The  movement  is  generally  a  quick  flow 
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or  reflow  of  the  water,  and  is  often  so  triffing  as  to  esc:  _ 
attention  of  all  but  seamen  or  fisheroien,   who,   constantly 
engaged  with  llieir  vessels  or  boats  in  harbours,  are  surprised 
to  find  them  suddenly  floated  or  left  (!ry,  and  this  sometimes 
several  times  repeated.     May  not  these  movements  be  caused 
by  earthquakes  beneath  the  depths  of  the  sea,  or  be  so  trilling 
OS  to  escape  observation  on   land  ?     If,  as  it  seems  reason- 
able to  conclude,  earthquakes  are  propagated  laterally  throufih 
considerable  distances,  in  the  same  manner  as  sotiiul   is  con- 
veyed throuj^h  the  air,  the  intensity  of  the  hhock  will  depend 
on  the  medium  through  which  it  is  conveyed  :  and  if  this  view 
should  be  correct,  earthquakes  will  not  be  equally  felt  on 
every  description  of  rock.     1  once  observed  a  fact,  which, 
though  it  struck  me  much  at  the  time,  cannot  in  itself  form 
the  basis  of  any  reasonable  hypothesis,  but  as  it  may  be  the 
means  of  exciting  inquiry  it  is  as  well  to  mention  it.     While 
sitting  in  a  house  in  Jamaica,  situated  on  a  hill,  near  the  verge 
of  the  white  limestone  of  that  island,  where  the  large  gravelly, 
•andy,  and  clay  plain  of  Vereand  Lower  Clarendon  meets  it, 
I  experienced  a  slight  shock  of  an  earthquake.     Having  occa- 
sion about  half  an  hour  afterwanls  lo  descend  to  some  houses 
fit  tile  loot  of  the  hill,  and  on  the  gravel  plain,  1  inquired  if 
the  inhabitants  had  fe!t  tlie  earthquake ;  they,  however,  ri- 
diculed the  idea,  staling  that  if  any  such   had  occurred  they 
must  have  known   it,  as  they  also  had  been  sitting  quietly, 
and  were  too  much  accustomed  lo  shocks  not  to  have  observed 
the  earthquake  if  it  had  really  occurred.     1  then  considered 
that  I  ha(l  deceived  myself,  and  thought  no  more  of  the  sub« 
[  jeci  until  the  evening;  when  some  negroes,  who  had  been 
employed  on  their  own  account,  a  few  miles  distant  in  some 
mountains  composed  of  the  white  limestone,  reported  that  they 
had  felt  the  shock  of  an  earthquake;  and  it  subsequently  a|>- 
peared,  that  a  much  more  considerable  shock  had  been  Icit  in 
the  vicinity  of  Kingston,  about  forty  miles  distant.     The  im- 
jportance  of  this  fact  certainly  rests  on  the  little  apparent  sen- 
I  sation  produced  at  the  lower  house ;  and  therefore,  as  th« 
;  ^hock  may  have  escaped  the  attention  of  those  then  present, 
this  circumstance  is  in  itself  of  no  great  value,  and  is  merely 
[»tated  to  promote  inquiry.      It  may,  however,  be  remax-ked, 
'that  gravel  would  transmit  a  vibration  less  readily  than  com- 
pact limestone,  though  it  might  more  easily  give  way  before 
a  vertical  movement.     Humboldt  has  remarked  that  during 
the  Caracca^  earthquake  of  1812,  the  Cordilleras  were  more 
shaken  than  the  plains.     This  may  have  arisen  from  the  more 
easy  transmission  of  the  vibration   through   the  gneiss  and 
mica  slate,  than   through  the  rocks  in    the  plains;    or,  as 
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aiso  vnt  cnse  In  Jamaica,  the  Inferior  rocks  miglitbs 
shuken  tl»rough  their  continuity  tlian  tlie  superior  rucks^ 
»tng  nearer  the  disturbing  cause. 

It  may  also  be  remarked  tliat  rocks  would  transmit  souikIsJ 
inequally  from  variations  in  their  texture  and  continuity,  and' 
lat  subterranean  noise.s  might  lie  auilible^  while  the  shock  i 
rhich  produced  them  could  not  be  dibtincily  felt.     Various 
)ands  are  recorded  as  accompanying  earthquakes,  but  the 
tost   general   seems  a  low   rumbling   noise  like    that  of  a 
[waggon  passing  rapidly  along.     The  first  shock  I  ever  expe- 
rienced was,  during  a  beautiful  night,  on  the  north  side  of] 
feroaica,  when  it  appeared  as  If  a  waggon,  rolling  rapidly  to 
18  house,  gave  it  a  smart  rap  and  then  passed  on. 

It  has  been  considered,  and  with  much  probability,  that  the 
rery  great  distances  at  wliicli   volcanic  explosions  from  sur» 
'fiice- vents  have  been  heard,  arises  Irom  die  transmission  of  | 
the  sound  through  the  rocks.      The  great  explosion  at  Siimi 
bawa  above  noticed  is  described  as  having  been  heard  in  Su- 
hmatra,  a  distance  of  970  geographical  miles,  and  at  Ternnte, 
]'720  miles  in  another  dii'ection  *.     It  is  also  stated  that  the 
[n'uption  from  the  Aringuay,  in  the  island  of  Lu^on,   Philip- 
pines, in  16'H,  was  heard  in  Cochin-Chinaf. 

Earthquakes  produce  changes  in  the  level  of  the  land,  rais* 
ig  and  depressing  ground,  and  causing  clefts,  slips  or  faults, 
[and  various  other  modifications  of  surface.    The  raising  of  the 
j'turface  implies  either  an  expansion  of  the  solid  matter  be^ 
liienth,  or  a  separation  of  parts,  which  should  form  a  cavity, 
llled   either  by  gaseous  or   liquid  substances.     We  are  not 
iware  of  anything  that  could  produce  the  expansion  required 
»t  heat,  so  that  if  the  temperature  were  again  dimiiiislied-, 
3ntraction  would  ensue.     If  a  separation  of  parts  were  ef- 
I'^ted,  and  the  upper  portion  raised,  the  gaseous  or  liquid 
support  could  scarcely  be  considered  permanent,  unless  the 
tjjected  matter  became  solid,   as  might  happen   with  liquid 
iva,  and  the  hollow  produced  by  such  injection  be  far  re-j 
loved  troin  the  surlacc. 
The  best  example  of  tiie  bodily  elevation  of  land  with  con- 
derable  surface  appears  to  be  tliat  recorded  by  Mj"s.  Maria 
iraham,  as  having  taken  place  during  the  Chili  earth<]uake 
Fof  1822.     The  shock  extended  along  the  coast  for  more  ihaa 
thousand  miles,  and  the  liiiid  was  raised  for  a  length  of  one 
iundred  miles,  with  an  unknown  breadth,  but  certainly  ex- 
ending  to  the  motmlains.     The  beach  was  raised  about  three 
)r  four  feet,  as  was  also  the  bottom   near  the  shore;  on  thei 
:)rmer,  shell-fish  were  still  adhering  to  the  rocks  on  which 
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they  grew.     It  was  also  observed  thai  ihere  were  other  line 
of  beach,  with  shells  intermixed,  nbove  that  newly  elevated, 
attaining  in  parallel  lines  a  height  of  about  fifty  feet  above  tl 
sea;  seeming  to  show  that  other  elevations  of  the  same  lar 
had  been  effected  by  previous  earthf|nnkcs.  During  ihiseart 
quake  the  sea  flowed  and  ebbed  several  times.     No  visit 
change  in  the  atmosphere  was  pi-oduced  previous  to  tlie  shocli 
but  it  is  supposed  that  some  effect,  perhaps  electrical,  mi 
have  been  caused  by  the  earthquake,  lor  the  country  was  suk 
sequently  deluged  by  slornis  of  rain*. 

Mr.  Lyelt  has  accumulated  a  coitisiderable  mass  of  evident 
to  show  that  such  elevations  have  been  the  consequence  of 
earthquakes  in  other  places,  and  that  considerable  depressions 
have  also  occurred  f .  Thus,  during  the  Cutch  earUiquake  of 
1819,  the  eastern  channel  of  the  Indus  was  altered,  the  bed 
of  which  was  in  one  place  deepened  about  seventeen  feet,  so 
that  a  spot  once  fordable  became  impassable.  It  further  ap- 
pears, from  the  observations  of  Lieutennut  Barnes,  that  not 
only  was  there  considerable  subsidence  in  this  case,  but  also 
a  remarkable  elevation  of  upwards  of  fifty  miles  in  length, 
running  parallel  to  the  subsidence,  across  the  delta  of  the 
Indus  iiom  east  to  west.  The  greatest  observed  height  of  this 
elevated  land,  in   some  places  sixteen   miles  broad,   was  ten 

feett. 

Various  surface -changes  were  effected  during  the  great 
earthquake  in  Catnbrin  in  17SS.  Of  these  a  summary  has 
been  given  from  various  authorities  by  Mr.  Lyell,  whose  ac- 
count will  be  perused  with  interest,  however  little  we  may  feel 
inclined  to  ado[}t  the  theoretical  conclusions  that  have  been 
deduced  from  it.  The  earth  had  a  waving  motion  ;  nume- 
rous and  tleep  rents  were  formed  ;  faults  were  produced,  even 
through  buildings;  large  land-slips  took  place;  lidces  were 
formed, — one  about  two  miles  long  by  one  broad,  from  the 
obstruction  of  two  streams;  the  usual  agitation  of  the  neigh- 
bouring sea  was  protlucedt  mui  heavy  waves  broke  upon  the 
land,  sweeping  all  belure  liiem. 

The  great  earthquake  in  Jamaica  of  1692,  generally  described 
as  having  swallowed  up  Fort  Royal, ^  has  been  adduced  as  an 
example  of  great  derangement.  Ii  is  a  common  tradition  in 
that  island,  that  many  of  the  accounts  which  have  appeared 
respecting  this  earthcjunke  have  been  much  exaggerated  ;  nor 
need  this  surprise  us,  when  we  reflect  how  difficult  it  is  to 
obtain  a  clear  account  of  unusual  natural  phtenomenn  from 
those  who  have  been  dreadfully  alarmed  by  them.     In  order 


•  Journ.  of  Science;  Geol.  Trans,  vol.  i. 
J  I.yell's  Principles  of  Geology,  vol.  ii.  p 
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estimate  the  chaii^^es  lliut  may  be  supposed  to  linve  taken 
place  (luring  this  earthfjuiike,  it  becomes  tjecessary  to  notice 
the  condition  of  Port  Royal  and  of  the  neighbouring  coast 
previous  to  its  occurrence.  The  site  of  the  present  toM'n  of 
Port  Royal  is  the  same  as  that  of  the  old  town,  bein<r  at  tlie 
western  extremity  of  a  sand-bank,  known  as  the  Palisailes, 
about  eight  miles  long,  thrown  up  apparently  by  tlie  sea. 
Immediately  seaward  are  numerous  shoals  and  coral  reefs, 
known  by  the  name  of  the  Keys. 

Now  it  appears  from  the  evidence  of  Captain  Hals,  who 
went  to  Jamaica  with  Penn  and  Venables  in  1655,  that  the 
^nd  upon  which  Port  Koyal  then  stood,  was  joined  to  the 
Palisades,  distant  about  a  quarter  of  antile,  by  a  narrow  ridge 
of  sand  just  appenring  above  the  water;  nnti  it  fnriher  ap- 
pears, that  when  Jackson  invaded  Si.  Jago  de  !a  Vega,  about 
Aevenleen  years  before  this  time,  the  same  land  formed  au 
island  ;  the  narrow  ridge  resulting  from  the  ilrift  of  siuul  by  the 
prevalent  E.  or  8.  K.  winds  find  the  action  of  the  breakers. 
By  a  continuance  of  the  same  forces  the  wiiole  space  between 
tlie  Palisades  and  Port  Royal  was  eventually  filled  up,  aided 
by  the  contrivances  of  the  inhabitants,  who  drove  io  piles  and 
formed  wharfs,  close. to  which  the  water  was  so  deep  that 
vessels  ol  TOO  tons  came  alongside  and  unloaded  *.  Upon 
this  newly  formed  land  t}ie  greater  part  of  the  town  was  built, 
and  consisted  of  heavy  brick  liouses.  Now  the  part  of  Port 
Royal,  described  as  having  been  swallowed  up  or  sunk,  was 
situated  upon  this  new  formed  land.  "  The  ground  gave 
*ay  OS  far  as  the  houses  stood,  and  no  further,  part  of  the 
fort  and  the  Palisades  at  the  other  end  of  the  houses  stand- 

H  Sir  Hans  Stoitne  says:  *^the  whole  neck  of  land  being 
^indy  (excepting  the  fort,  which  was  built  on  a  rock  and  stood) 
on  which  the  town  was  built,  and  the  sand  kept  up  by  pali- 
fodes  and  wharfs,  under  which  was  deep  water,  when  the 
sand  tumbled,  on  the  shaking  of  the  earth,  into  the  sea,  it 
covered  the  .mchors  of  ships  riding  by  the  wharfs,  ami  the 
}undations  yielding,  the  greatest  part  of  the  town  fell,  great 
lumbers  of  the  people  were  lost,  and  a  good  part  of  the  neck 
"land,  where  the  town  stood,  was  three  fathoms  covered 
rtth  water."     We  have  next  to  consider   the  state  of  the  sea 


The  variation  in  ihe  di'iitli  of  tliis  wnter  would  be  tvifliiig,  for  the  tides 

tijr  rite  or  fall  ehveii  inches  or  a  foot  at  Port  Royol. 

f   Phil.  Trnns.  fur  1G94.    Long,  who  from  his  ottie>«»  was  so  well  qualified 

I  obtain  the  best  inforrnatiorj,  says  :  "  thp  wpight  of  so  many  large  brick 

Buses  «ra»  justly  imagined  to  contribute,  in  a  gn-al  mcasiirp,  to  their  down- 

^lill  -,  for  the  land  ^uve  way  as  far  ok  the  houses  erected  on  this  foundation 

^atood,  uid  no  Airther." 
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during  the  shocks.  The  harbour  is  describetl  as  having  hatf 
"  all  the  appearance  of  agitation,  as  in  a  slorm  ;  and  the  huge 
waves  rolled  in  with  such  violence,  as  to  snap  the  cables  of 
the  shipsj  and  drive  some  from  their  anchors."  Again,  we 
find  that  the  houses  near  the  water  sunk  at  once:  **  and  a 
heavy  rolling  sea  followed,  closing  immediately  over  ihem." 

The  Swan  frigate,  which  was  by  the  wharf  careening,  was 
carried  over  the  tops  of  the  houses  by  the  sea,  and  some  hun- 
dreds of  persons  escaped  by  clinging  to  her.  Some  houses 
sunk  or  settled  perpendicularly,  so  that  they  remained  from 
the  balcony  upwards  above  water;  but  the  greater  part  were 
rendered  a  mass  of  ruins.  Finally,  the  land  with  the  fort  on 
it  is  reported  to  have  formed  an  islntul,  as  at  the  time  of  Jack- 
son's expedition  *.  This  state  of  things  has  not  however  con- 
tinued ;  for  the  same  causes,  whicit  once  joined  the  Palisades 
with  the  fort,  continuing,  the  whole  now  forms  a  continuous 
piece  of  land. 

A  plan  of  Port  Royal  formed  from  authentic  and  existing 
documents,  and  representing  the  extent  of  that  town  previous 
to,  and  immediately  after,  the  earthquake  of  1692,  as  also 
a!)out  a  century  afterwards,  was  published  in  the  Jamaica  Al- 
manac for  1806,  having  first  appeareil  about  ten  or  twelve 
years  previously-  The  annexed  wood-cut  (Fig.  22)  is  a  re- 
ductton  of  this  plan  (the  lines  of  streets  being  omitted),  with 
the  addition  of  the  present  extent  of  this  point  of  land,  accor- 
ding to  Dr.  Miller,  of  Jamaica,     o,  a,  cr,  at,  a,  and  Z*,  the 
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boundary  of  the  town  and  point  of  Port  Royal  previous  to 
the  great  earth fju.ike.  The  darkly  shaded  j>arts  P  and  C,  the 
portion  thut  lemainecl  after  the  earthquake;  C  being  Fort 
Charles.  The  lightly  shaded  part  N,  N,  N,  the  extent  of 
the  town  and  point  at  the  end  of  the  eighteenth  century;  the 
accumulfttiou  of  sand   having  been   principally  produced   by 

•  Phil.  Trnns.  1691;  Sloanc,  Nat,  Flist.  of  Jamnira;   Long,  Hist,  of  Ja- 
maica ;  and  Bryan  Eil«MrdR,  Hist,  of  the  W^^pt  indie*. 
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the  natural  drift  of  the  sand.     The  spaces  /,  /,  /,  and  //, 

e  additional   land,  formed  by  the  driitinj?  of  the  sand  Unce 
at  time,  and  constituting   with  the  lif^htly  shaded  portions 
r,  Nf  N,  the  present  extent  of  the  town  and  point  of  Port 
oyal.     The  space  H,  formerly  known  as  Chocolate  Hole, 
low  6Iled  up,  forms  part  of  the  garrison  parade. 
It  also  appears  that  the  portion  of  Port   Royal  which   re» 
ained  above  water,  after  the  shock,  is  genernliy  considered 
be  based  u(x>n  white  limestone,  as  is  the  cuse  with   Fort 
harles.     This  rock  is  now  known  to  constitute  the  base  of 
rt,  if  not  a  large  proportion,  of  the  ridge  of  land,  named 
e  Palisades,  which  commences  close  to  Port  Royal  {L,  Fig. 
2.),  and  very  probably  also  forms  the  base  of  the  various 
coral  reefs  known  «s  the  Port  Royal  Keys. 

Upon  a  review  of  what  has  been  adduced  respeclinp;  this 
earthquake,  it  does  not  appear  that  there  is  evidence  of  sub- 
sidence, that  is,  the  bodily  subsidence  of  a  mass  of  land  of 
Ifreat  depth ;  though  I  would  be  far  from  denying  that  there 
may  have  been  something  of  the  kind.     The  whole  may  be 
plained  by  the  settlement  of  loose  sand,  charged  with  the 
weight  of  heavy  houses,  during  the  violent  shocks  of  an  earth- 
quake, and  by  the  inroad  of  the  sea;   for  had  there  been  a 
eral  subsitlence,  the  rocks  would  have  disappeared  with 
e  rest  *.     The  evidence  of  the  ruins  of  houses  commonly 
stated  to  be  seen  beneath  the  sea,  in  calm  weather,  close  to 
the  present  town,  will  do  for  either  hypothesis  ;  for  they  would 
ke  similarly  situated  either  from  the  settlement  of  the  sand, 
or  by  the  subsidence  of  land,  in  the  usual  acceptation  of  this 
term. 

While  in  Jamaica,  in  IBS*,  I  endeavoured  in  vain  to  see 

twhat  are  commonly  termed  the  Ruins  of  Old  Port  Royal,  and 
h  now  appears  that  they  are  covered  up  with  sand,  forming 
considerable  inec|uaUties  beneath  the  sea,  to  the  W.  and  N.W . 
of  the  present  naval  hospital.  When  vessels  touch  on  these 
inequalities  they  are  said  to  "ring  the  bells  of  Old  Port 
Roval."  It  however  by  no  means  follows  that  the  ruins  were 
not  more  distinctly  visible  in  1780,  as  is  stated  to  have  been 
the  case  by  Sir  Charles  Hamilton f,  and  others:  on  the  con- 
trarv  we  must  expect  them  to  have  been  so,  for  we  have  seen 
that  the  transport  of  sand,  principally  produced  by  the  break- 
ers, driven  forward  by  a  prevalent  wind  (the  trade  wind),  is 


^nia 
■rxf 
i      wei 
,      qual 
■aenf 
^e 


^^     VIS,       V. 

■BVr 

■■  A..  .1. 


•  Dr.  Miller  informs  me,  thnt  when  he  resided  in  Port  Rnjsl,  prior  to 
ERst  fire  of  IH15,  there  were  many  old  people  then   living,  desi-ctid' 

, «f  the  early  settlers,  and  tl  w.is  the  traoitional  opinion  among  them, 

1^1  the  ereat  damnge  was  produced  by  the  slipping  of  tne  sand,  an  opinion 
in  occoroanco  with  that  previously  noticed. 
t  LvpII,  Principles  of  GeologA',  vol.  ii.  p.  269. 

1.  2 


U8 


Earthquakes. 


vti V  considerable  at  Port  Ro3al,  so  thai  the  luitis  would  be 
giiulitally  covered  up. 

The  earthc[uake  was  generally  destructive  of  buildingrs  in 
Jamaica,  and  masses  of  rocks  were  detached  from  the  heights; 
— no  great  difficulty  in  a  country  abounding  with  precipices 
nud  steep  mountains.  According  to  one  account,  two  moun- 
tains met  in  the  Sixteen  Mile  Walk  ;  if  ibey  did  so,  ihey 
have  since  been  so  ctitnplaisant  as  to  separate,  for  there  is  no- 
thing at  present  existing  there  to  warrant  a  conclusion  that 
they  ever  did  meeL  That  heavy  fragments  of  rock,  and  con- 
siderable masses  of  earth,  blocked  up  the  passage  for  the  time, 
is  exceedingly  probable;  but  there  is  a  great  difference  be- 
tween such  an  event  and  the  meeting  of  mountains. 

Ftmnel-shaped,  or  inverted  conical  cavities  are  by  no  means 
unfrequetii  on  plains  after  earthquakes;  and  are  so  much 
alike  wlierever  they  occur,  that  they  must  havfesome  comnton 
cause  for  llieir  production.  Circular  apertures  were  produced 
in  the  plains  of  Calabria  by  the  earthquake  of  1783  :  they  are 
described  as  commonly  of  the  si/e  of  carriage-wheels,  but  often 
larger  and  smaller;  they  were  sometimes  filled  by  water,  but 
more  fretjuently  by  sand.  Water  seems  to  have  spouted  through 
them*.  During  the  earthrpiake  in  Mercia  in  1829,  nume- 
rous small  circular  apertures  were  produced  in  a  plain  near 
the  sea,  which  threw  out  black  mud,  salt  water,  and  marine 
shells  f.  After  the  earthquake  at  the  Cape  of  Good  Hope,  in 
December  1809,  the  sandy  surface  of  Blauweberg's  \'^alley  is 
described  as  studded  with  circidar  cavities,  varying  from  six 
inches  to  three  feet  in  diameter,  and  from  four  inches  to  a  foot 
anil  a  h.ilf  in  depth.  Jets  of  coloured  water  are  stated,  by  tl»e 
inhabitants  of  the  valley,  to  have  been  thrown  out  of  these 
holes  to  the  height  of  six  feet  during  the  earthquake :f.  Jt 
seems  somewhat  difficiiit  to  account  for  these  appearances, 
though  the  common  aqueous  discharges  through  rents  or 
chasms  can  be  more  readily  understood.  During  the  Chili 
earthquake,  previously  noticed,  sanils  were  forced  up  in  cones, 
many  of  which  were  truncated  with  hollows  in  their  centres^. 

The  courses  of  springs  are,  as  wouki  be  anticipated,  often 
deranged  amid  such  motions  of  the  ground  ;  and  Hashes  of 
light,  or  bright  meteors,  are  so  frequently  mentioned  that  we 
can  scarcely  doubt  their  occurrence,  and  they  may,  perhaps, 
be  considered  ns  electrical, 

If  we  now  withdraw  ourselves  from  the  turmoil  of  volcanos 

•  Lypll,   Principles  of  fieolo^y  ;  where  .-i  virw  and  s-cction  of  tht-3C  cu* 
rious  cavities  arc  given  :  pp.  128,  421*. 
+  Ibid. ;  and  I  eiussac's  Bulletin,   1829. 
J  Phil   Mag.  nnd  .Annals,  Jainisrv  1S39. 
jt  Jouriul  of  Sciencr. 
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jid   earUiquakes,  and  cease  to  measure  tlicm  by  llie  effects 
diicli  they  liavc  |)ri)duceil    upnii   oiiv   imaginations,   we  shnll 
itid  lliat  the  leal  chango  they  cause  on  ihueai'lli's  surFace  are 
iiuparalively  small,    niul    cjuile    inecoucileable    wilh    thobo 
leorie^i  which  propose  to  account  for  the  elevations  of  vast 
ioiin(niti-runge.s  and  for  enormous  and  sudden  dislocation* 
of  stiJitu,  by  repeated  earthcftiakes  aclin*^  invariably  in  the 
jime  line,  thus  raisioj^  the  niountaiiis  by  successive  starts  of 
[five  or  ten  feet  at  a  time,  or  by  catastrophes  of  no  greater  im- 
portance than  a  modern  earllKjuuke.      It  is  useless  to  appeal 
to  lime:  lime  can  tHect  no  more  than  its  powers  are  aipable 
,  of  perforuiing:  if  a  mouse  be  hamessetl  to  a  large  piece  ofl 
ordnance,  it  will  never  move  it,  even  if  centuries  on  centuries 
could  be  allowed  ;  but  attach  the  necessary  force,  and  the  re- 
listance  is  overcome  iu  a  minute. 


Hurricanes. 

These  are  of  geological  injjiortauce,  as  by  the  .suilden  appli-^ 
I  ration,  if  I  may  so  express  myselti  of  a  liirious  wind  and  de- 
luges of  rain  to  the  surface  of  land,  very  considerable  changes 
•re  in  a  short  lime  produced  on  that  surface.  It  has  been 
considered  that  the  wind,  tturing  hurricanes,  travels  with  a  j 
Velocity  of  from  eighty  to  one  hundred  miles  per  hour;  but  it 
must  be  confessed  that  wt  }>osse--s  no  very  saiislactory  iutor- 
[mation  on  ihis  head.  Be,  however,  the  velocity  of  the  wind 
what  it  may,  its  force  is  sufficient  lo  level  forests,  throw  dowa 
buildings,  and  destroy  a  large  amount  of  animal  life;  in  a  ^q^ 

I  hours  convertinj^  a  beautiful  and  luxuriant  country,  studded 
wilh  villages  and  towns,  into  a  scene  of  desolation  and  mourn- 
log.  Furious  torrents  are  suddenly  formed,  uhieh  not  only 
sweep  away  a  large  pro])ortion  of  the  uprooted  trees,  and  ihe 
bodies  of  numerous  terrestrial  animals  destroyed  by  tlie  effects 
of  the  wind  ;  but  also  act  most  powerfully  on  all  the  drainage 
depressions,  jiroducing  the  maximum  eflects  of  running  water 

Rin  such  situations.  In  mountainous  regions  the  land-slips  are 
ihen  also  frequently  considerable  ;  and  if  these  fail  into  the  bed 
pf  a  torrent,  tiiey  add  to  its  destructive  eflects,  by  damming 
up  the  waters  for  a  time,  which,  when  they  have  forced  their 
passage  thri»ugli  the  obstacle,  rush  onwards  with  increased' 
velocity  and  |>ower. 

In  the  hurricane  in  the  West  Indies  of  August  ISal,  we' 
have  a  melancholy  example  of  the  destruction  of  animal  and 
I  vegetable  life  caused  by  these  scourges  of  tJiat  portion  of  the 
f  world.  Not  only  were  buildings  of  various  kinds  levelled  with 
i  the  earth,  and  numbers  of  personi>  bmied  beneath  their  luiris, 
t bill  a  large  amount  of  iiriimul   life  avus  also  dc^lrcyetl :   and 
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ihose  trees  which  were  not  uprooted  by  the  fury  of  the  wind, 
were  deprived  of  their  foliage,  many  even  of  their  branches, 
so  that  the  unfortunate  island  of  Barbadoes  presented  that 
strange  phaenomenon,  a  mass  of  leafless  trees  on  a  tropical 
island.  This  hurricane  also  ravaged  the  islands  of  St.  Via* 
cent  and  St.  Lucie,  and  was  even  felt  at  the  eastern  end  of  Ja- 
maica. 

The  sea  is,  as  might  be  expected,  violently  agitated  during 
hurricanes,  and  causes  great  destruction,  particularly  on  low 
coasts.  Thus,  in  the  great  Jamaica  hurricane  of  1780,  the  sea 
suddenly  buist  in  upon  the  small  town  of  Savanna  la  Mar, 
and  swept  it,  and  every  tiling  in  it,  entirely  away.  The  hur- 
ricane of  August  1831,  was  sufficiently  powerful  at  Hayti  to 
raise  the  sea  at  Aux  Cayes  to  a  coiisiilerahie  height,  and  the 
swell  consequent  on  it  was  so  great  on  the  coast  of  Cuba  as  to 
throw  every  vessel  on  shore  at  St.  lago  de  Cuba. 

Hurricanes  are  often  more  partial,  but  they  are  not  the  less 
destructive  to  the  land  they  traverse  on  that  account.  The 
hurricane  of  1815,  which  traversed  Jamaica  from  North  to 
South,  was  one  of  this  description  ;  it  took  its  way  across  the 
western  portion  of  the  Blue  Mountains,  and  was  exceedingly 
destructive.  Not  only  was  the  wind  furious,  but  the  quantity  of 
rain  which  fell  in  a  given  time  was  considered  quite  unexampled 
even  in  the  tropics.  The  flood  which  descended  the  Yallahs 
river,  swept  away  all  the  fish  in  it,  and  ten  years  afterwards  it 
was  considered  that  there  were  no  fresh-water  fish  in  that  river. 
The  land-slips  in  the  Port  Rnyal,  %Sl  Andrews,  and  Blue 
Mountains  were  very  considerable ;  and  when  I  visited  these 
mountains  several  years  afterwards,  many  a  bare  cliif  bore  evi- 
dence to  the  changes  that  had  been  thus  produced.  When 
these  land- slips  descended  to  the  bottom  of  the  ravines,  they 
dammed  up  the  waters  for  the  time,  and  then  giving  way,  were 
partially  swept  onwards.  The  loss  of  life  was  considerable, 
and  many  buildings  were  either  washed  away  or  buried  be- 
neath detritus.  The  land  communications  between  Kingston 
and  the  Eastern  coast  were  stopped ;  and  Mr.  Barclay  relates, 
that  being  thus  compelled  to  pass  by  sea  to  Morant,  the  vessel 
was  obliged  to  make  "a  consiilerable  offing  to  keep  clear  of 
the  enormous  quantity  of  trees,  which  literally  covered  the 
water  to  a  considerable  distance."  Though  so  destructive 
about  the  centre  of  its  course,  this  hurricane  was  neither  felt 
at  St.  Jago  de  la  Vega  (Spanish  Town),  forty  miles  to  the  west- 
ward, nor  at  Morant  Keys,  fifty  miles  to  the  eastward. 

The  force  of  a  hurricane  is  well  shown  by  the  facts  observed 
at  Guadaloupe,  on  the  25th  of  July  1825.  Strongly-built 
houses  were  blown  down,  and  nuiny  tiles  driven  through  the 
doors  of  warehouse!).      A  deal  plank,   'i9  inches  long,  9*8 
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inches  wide,  anil  '9  inch  thick,  wns  transported  with  such  ra- 
pidity that  it  truversed  the  trunk  ot"  a  palm-tree  17'7  inches 
in  diameter.  A  piece  oi'  wnod,  7'S  inches  square,  and  from 
four  to  five  yards  long,  was  Ibrced  by  the  wind  into  a  hard, 
frequented,  and  stoned  road,  to  the  depth  of  about  a  yard. 
The  exaclitude  of  these  and  other  facts  illustrative  of  the  great 
power  of  this  hurricane,  was  verified  on  the  spot  by  General 
Baudrand,  of  the  French  Engineers'^. 

It  will  be  obvious  thai  during  hurricanes  a  comparatively 
hirge  amount  of  terrestrial  animals  and  vegetables  may,  in  ad- 
dition to  the  land-detritus,  be  carried  outwards  into  the  seas 
»'hich  bathe  the  shores  of  tropical  islands,  such  as  those  of  the 
West  Indies,  more  particularly  when  such  islands  are  moun- 
tainous, as  is  the  case  with  Cuba,  Hayli,  Janmica,  and  others. 
Not  only  men,  quadrupeds,  birds,  tuul  land  reptiles,  but  also 
fresh-water  tortoises  and  crocoililes,  may  be  surprised  and 
tarried  out  to  sea,  where  they  would  liave  a  poor  chance  of 
escape  au»id  the  tuimoil  of  the  waves  at  such  limes.  A  large 
proportion  of  the  creatures  thus  borne  by  torrents  outwards 
would,  most  probably,  lie  devouretl  by  sharks  and  other  vora- 
cious inhabitants  of  the  sea;  but  there  is  still  a  possibility  that 
the  river-detritus,  and  tlie  sands  and  mud,  stirred  up  by  the 
action  of  Uie  waves  in  shallow  seas,  would,  when  traiiquillily 
was  restored,  envelope  various  terrestrial,  fluviatile,  and  marine 
remains:  such  a  deposit  would  thus,  to  a  certain  extent,  re- 
semble one  formed  in  aji  estuary,  but  would  so  far  difi'er  from 
it  as  probably,  in  the  case  here  supposed,  the  remains  would 
exhibit  the  marks  of  violent  transport.  In  the  immediate  vi- 
cinity of  the  coast,  the  breakers  would  throw  a  considerable 
ijuantily  of  these  remains  on  shore. 


Gaseous  Exhalations. 

n  several  situations  removed  from  any  volcanic  action,  so 
far  as  is  visible  on  the  surface,  natural  jets  of  inflammable 
gnses  are  seen  to  issue,  aftbrding  decisive  evidence  of  chemical 
changes  that  are  taking  place  at  various  depths  betieath.  Of 
these,  some  have  served  the  purpose  of  the  priest  to  delude 
mankind,  while  part  of  the  others  have  been  more  usefully 
employed. 

Carburetted  hydrogen  gas  is  well  known  to  be  the  "fire- 
damp" of  the  coal  districts,  and  to  issue  from  the  coal  strata ; 
collecting  in  the  ill,- ventilated  galleries  of  collieries,  and,  when 
sufficiently  mixed  with  atmospheric  air,  exploding  with  great 
violence  if  approached  incautiously  with  an  unprotected  flame, 

Pouillet,  Elimens  de  Phjs.    Explrimcntalc,  l.  ii.  p.  718,  2nde  E'dit. 
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spreading  mourning  and  misery  among  the  families  of"  i\ 
miners.    It  the  genius  of  Davy  had  merely  produced  liis  safety- 
Jtin))i,   it  would  alone  have  entitled  him  to  the  applause  an^H 
thanks  of  mankind.  ^^ 

As  carburelled  Ivydrogen  is  so  freely  liberated  in  coal-mines, 
it  would  be  cxpecle<l  tliat  it  should  occasionally  be  detected 
on  the  surface,  and  accordingly  it  has  been  so  discovered *. 
Inflammable  gas  also  occurs  in  other  situations,  where  there 
is  no  reason  to  suspect  the  pre^scnce  of  coal  strata.  Of  this, 
the  well-known  jets  of  cas  in  tlie  limestone  and  serpentine 
district  of  the  Pietra  Alain,  between  Bologna  and  Florence, 
afford  an  example.  ^H 

Captain  Heaui'ort  describes  an  ignited  jet  of  ii>fiammable  ga^H 
named  the  Yanar,  near  Deliktash,  on  the  coast  of  Karamania, 
which  perhaps  cmce  figured  in  some  religious  riles.  He  slati 
Uiat,  **in  the  inner  corner  of  a  ruined  buikling,  the  wall  is  ui 
derminetl,  so  as  to  leave  an  aperture  of  .ibout  three  feet  in  di- 
ameter, and  shaped  like  the  moulh  of  an  oven  :  from  thence  the 
flame  issues,  giving  out  an  intense  heat,  yet  producing  no 
smoke  on  the  wall."  Though  the  wall  was  scarcely  disco- 
louretl,  small  lumps  of  caked  soot  were  found  in  the  neck  of 
the  opening.  The  hill  is  composed  of  crumbly  serpentine  and 
loose  blocks  of  limestone.  A  short  distance  down  the  hill 
there  is  another  aperture,  which  from  its  appearance  seeras 
once  to  have  given  out  a  similar  discharge  of  gas.  The  Yanar 
is  supposed  to  be  very  ancient,  and  is  possibly  the  jet  described 
by  Pliny  t. 

Colonel  Rooke  informed  Captain  Beaufort,  that  high  upon 
the  western  mountain  at  Samos  there  was  an  intermittent  flame 
of  the  same  kind  ;  and  Major  Retineil  stated  that  a  natural  jet 
of  inflammable  gus,  inclosed  in  a  temple  at  Chittagong,  in  Beq^H 
gal,  is  made  use  of  by  the  priestSf  who  also  cooked  with  it.      ^H 

The  village  of  Fredonia,  in  the  State  of  New  York,  is 
lighted  by  a  natural  discharge  of  gas,  which  is  collected  by 
means  of  a  pipe  into  a  gastmieter.  The  quantity  obtained  is 
about  eiglity  cubic  feet  in  twelve  hours.  It  is  carburetted 
hydrogen,  and  is  supposeil  to  be  derived  from  beds  of  bitumi- 
nous  coal.  The  same  gas  is  ilischarged  in  much  larger  quaqi^| 
lilies  in  the  bed  of  a  stream  about  a  mile  from  the  village.       ^^ 

According  to  M.  Imbert,  gaseous  exhalations  are  employed 
alTlisee-Lieou-Tsuig,  in  China,  totlistil  saline  water  obtained 
from  wells  in  the  neighbourhood.     ''  Bamboo  pipes  carry  the 

•  It  apuears  very  remarkable  that  in  ll:c  cod  diittricta  vf  the  Britiali  i4ca, 
where  siKMi  a  Urge  nmmmt  of  carburptted  hydiogcn  i»  aniniall)' prfMlijccd, 
menus  have  not  hccn  :irli>pinf!  ibr  inakinp  an  ifonatniciil  u>ie  of  this  gas, 
tioth  as  ri'spcfis  light  and  heal. 

t  Beiiiilui'l 's  Kuramuiua. 
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w  from  tlie  spring  to  the  place  where  it  is  to  be  consiimetl.' 

"hese  tubes  are  tertniiiated  hy  a  tube  of  pipe-clay,  to  prevent] 

heir  being  burnt.     A  single  well  (of  gas)  heats  more  than  ^ 

iree  hundred  kettles.     The  fire  thus  produced  is  exceedingly 

>risk,  and  llie  caldrons  are  rendered  useless  in  a  few  months. 

hher  bamboos  conduct  the  gas  intended  for   lighting  the 

Itreels  and  great  rooms  or  kitcliens  *."     These  wells  of  inflam- 

lable  gas  were,  according  to  M.  Imberl,  tbrtned  for  the  pur-- 

se  ot  obtaining  salt  water,  which  thej-  in  fact  first  gave  ouU' 
I'he  water  failing,  the  wells  were  sunk  to  a  considerable  depth,,^ 

order  to  find  the  water;  instead,  however,  of  finding  salt 
irater,  inflammable  gas  suddenly  rusfied  forth  with  consider- 
ible  noise f. 

M.  Klaproth  notices  other  jets  of  inflammable  gas  in  China; 

rone,  now  extinguished,  is  stated  to  have  burnt  from  the  second 

^to  the  thirteenth  century  of  our  era.     This  Ho  tsing^  or  fiery 

irelU  was  situated  80  H  to  the  S.W.  of  Kliioung  tcheou,  ana 

Ske  those  above  mentioned  producetl  salt  water|. 

This  cormexion  of  iuflannniihle  gas  with  saline  springs  or 
lit  is  not  confined  to  China,  but  has  also  been  observed  in, 
Lmerica  and  in  Europe.  While  boring  for  salt  at  Rocky-' 
Hill,  in  Ohio,  and  near  Lake  Erie,  the  borer  suddenly  fell, 
after  they  had  pierced  to  a  depth  of  197  feeL  8alt  water  im- 
tnediately  spouted  out,  and  continued  to  flow  forsevend  hours; 
al'ter  whidi  a  considei'able  cjnantSty  oi'inflammHble  gas  burst 
ti)rth  through  the  same  aperture,  and,  being  ignited  by  a  fire 
in  the  vicinity,  consumed  all  within  its  reach  i^.  11 

It  also  apjyears  that  M.  Roeders,  inspector  of  the  salt-minea>] 
of  Gottesgabe,  at  Reine  in  the  county  of  Tecklenberg,  has  for 
Iwro  or  three  years  used  an  inflammable  gas  which  issues  from 
these  mines,  not  only  as  a  light,  but  for  all  Uie  purposes  of 
cookery.  He  obtains  it  from  the  pits  that  have  been  aUan- 
doneil,  and  conveys  it  by  pipes  to  his  house.  From  one  pit 
ilone  a  continuous  stream  of  this  gas  has  issued  for  sixty  years. 

'  Bil)l.  UnivorgcUc;  and  Edin.  New  Pliil.  Journal,  1830. 

i  Humboldt.  Kragntciis  AHmtiuucs. 

*  Ibid.  \\\  the  same  work  will  be  found  an  niieresting  account  of  dio 
tnod«  in  which  the  Cbim-st;  siuit  tlicsc  wells,  in  search  of  salt  water,  t<i  con- 
siderable dc^pths,  Thi:)  iit  efl'ected  by  the  constant  striking  of  a  [licci- of 
•teel,  of  about  300  or  -iOO  poiuids  nrciglit,  against  the  rock,  upon  the  samel 
principle  that  a  lude  is  made  in  the  solid  rock  by  an  iron  or  steel  bnr  for  the 
jMirpose  of  blasting  with  gunpowder.  In  the  Chinese  work,  however,  iha 
■ted  weight  \n  HUHpended  by  a  cord  to  one  end  of  a  piece  of  wood,  nlaced 
over  a  support  in  such  a  manner  that  a  workman  by  dancing  or  jiunpmg  on 
the  other  end,  raises  the  weight  about  two  feet  at  each  raotiorj,  and  suddenly 
lets  it  fall  again.  By  these  slow,  but  somewhat  sure  mGoni,  a  round  pcr- 
prndicuUr  hole  is  formed,  about  five  or  six  inrhcs  in  diameter,  very  amootb, 
and,  Hccording  to  M.  Imhcrt,  from  IciOO  to  1800  French  feet  ia  depth. 

\  Trsns.  New  York  Fhil.  tJue, 
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It  is  supposed  to  consist  of  carburetted  hydrogen  and  olefiant 

gasV 

Inflammable  gases  are  also  foum!  lo  proceed  from  pround 
charged  with  petroleum  and  naphtha.  The  inhabitants  of 
Baku,  a  port  on  the  Caspian  Sea,  are  supplied  with  no  other 
fuel  than  that  derived  from  the  petroleum  and  naphtha  with 
which  the  earth  in  the  neighbourhood  is  strongly  impregnated. 
Ahoiit  ten  miles  to  the  N.  E.  of  this  town  there  are  tnatiy  old  tem- 
ples of  Guebres,  in  each  of  which  there  is  a  jet  of  iuBnmmabie 
gas,  rising  from  apertures  in  the  earth.  The  flame  is  pale  and 
clear,  ancE  smells  strongly  of  sulphur.  Another  and  a  larger 
jet  issues  from  the  side  of  a  hill.  The  ground  is  generally  flat» 
and  slopes  to  the  sea.  If  in  the  circumference  of  two  miles, 
holes  be  maile  in  the  earth,  gas  immediately  issues,  and  in- 
flames when  n  torch  is  applied.  The  inhabitants  place  hol- 
low canes  into  the  ground,  to  convey  the  gas  upwards,  when 
it  is  employed  for  the  purposes  of  cookery  as  well  as  for  a 
lightf.  M.  Lenz,  describing  an  eruption  of  mud  and  flame 
near  the  village  of  lokmali,  fourteen  wersts  to  the  west  of 
Baku,  would  seem  to  attribute  the  gaseous  exhalations  of  this 
district  to  a  volcanic  origin,  but  the  facts  adduced  will  scarcely 
ndmit  of  this  interpretation.  He  notices  this  eruption  as 
having  taken  place  on  November  27lh,  1S27.  A  column  of 
flame  burst  out,  where  no  flame  had  been  previously  seen,  and 
rose  for  three  hours  to  a  considerable  height,  then  lowered 
iiself  lo  the  height  of  three  feet,  and  burnt  for  twenty-four 
hours.  After  this  the  mud  rushed  forth  and  covered  the 
country  over  an  area  of  200  toises  by  1 50,  to  the  depth  of  two 
or  three  feet.  There  is  sufficient  evidence  that  other  eruptions 
of  mud  or  clay  had  previously  taken  place  from  the  same,  or 
nearly  the  same,,  place.  This  and  other  "  salses"  noticed  in 
the  same  territory  cannot  be  termed  volcanic,  in  the  usual  ac- 
ceptatioiv  of  the  word.  Moreover  we  learn  from  the  observa- 
tions of  the  same  author,  that  at  the  Atech-gah,  or  tlie  great 
fires  of  Baku,  the  principal  jet  rises  through  a  calcareous  rock, 
with  a  dip  o\' 25'^  to  the  S.E.,  tlie  fissures  or  cracks  being  ren- 
dered Itluc  by  it  J. 

Carbonic  acid  gas  is  evolved  abundantly  in  coal-pits  and 
volcanic  regions.  Its  occurrence  in  the  Grotto  del  Cane,  of 
which  such  overcharged  descriptions  have  been  given,  is  well 
known.  MM.  Bischof  and  Niiggerath  notice  a  pit,  on  the 
side  of  the  lake  of  Laach,  in  which  they  found  dead  birds, 
sfjuirrels,  bats,  frogs,  toads  and  insects,  killed  by  the  evolu- 
tion of  carbonic  acid  gas.     M.  Bischof  estimates  that  the  ex- 

•  Joumftl  of  Science.  |  Edin.  I'bil .  Joiima],  vol.  vi. 

!  Humboldt,  Fragmens  Abiatiqucs. 
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halations  of  carbonic  acid  gas,  in  the  vicinity  of  the  lake  of 
Laacb,  amount  to  600,000  pouutis  daily,  or  219,000,000 
pounds  in  a  year. 

In  the  Brohllhal  on  the  Rhine,  an  old  volcanic  country, 
there  is  a  considerable  evolution  of  carbonic  acid  gas,  which  is 
employed  by  M.  DischoF  in  the  manufacture  of  chemical  pre* 
parations  on  the  large  scale.  Six  hundred  pounds  of  diis  gas 
are  calculated  to  be  discharged  ftom  only  one  of  the  jets  in 
twenty-four  hours,  being  at  the  rate  of  2 19,000  pounds  in  tliei 
year  •. 

Carbonic  acid  gas  is  so  abundantly  evolved  in  a  district  of ' 
mineral  springs  in  Armenia,  near  Fort  Diadine,  on  the  Eu- 
phrates, that  it  produces  a  noise  while  issuing  through  the 
cracks  in  the  limestones  of  the  country,  killinj;  the  birds  which 
come  within  its  influence f. 

The  Guevo  Upas,  or  Valley  of  Poison,  in  Java,  would  ap- 
jiear  to  be  a  cavity  filled  to  a  certain  height  with  carbonic 
acid  gas.  Mr.  Loudon  describes  it  as  about  half  a  mile  in 
circumlierence,  and  of  an  oval  form.  The  depth  is  from  thirty 
to  tlarty-five  feet,  the  bottom  being  flat,  without  vegetation, 
•nd  covered  with  skeletons  of  men  and  of  various  animals, 
luch  as  tigers,  hogs,  deer,  &c.,  which  have  perished  by  their 
entrance  into  the  gas.  The  destructive  gas  did  not  rise,  so  as 
to  be  dangerous,  above  eighteen  feet  from  the  bottom  J. 

A  very  copious  discharge  of  carbonic  acid  gas  occurs  on 
the  Kyll,  nearly  opposite  Birresborn.  The  gas  rises  through 
fiasares  of  the  rock,  and  traverses  a  pool  of  rain-water,  resting 
on  it,  with  such  violence  that  the  noise  is  stated  to  be  heard 
at  the  distance  of  4'00  yards.  Birds  are  killed  when  they 
approach  too  close,  and  persons  wishing  to  drink  are  driven 
away  by  the  gas,  a  stratum  of  which  covers  the  surrounding 
larr§. 

In  many  situations  gaseous  vapours  come  to  the  surface 
mixed  with  water  or  petroleum,  with  sufficient  force  to  produce 
"salses"  or  mud  volcanos.  Dr.  Daubcny  considers  those  of 
Maculaba  in  Sicily  as  independent  of  volcanic  action,  but  due 
to  the  combustion  of  the  sulphur  existing  among  the  rocks. 
Mitd  eruptions  from  the  discharge  of  gaseous  vapours  and 
water  are  known  in  many  other  places |]. 

*  German  Trans,  of  Manual. 

f  Voskoboiiiikov,    Goinoi    Journal,   1829;    and   Baud's   M6m.  Geol.  et 
Paleontologiquc.4,  t.  i.  18.12. 
J  Journal  of  Geographical  Society,  vol.  ii. 
I  Biichof  and  Nbggeralh,  Edin.  Phil.  Journal. 
I  Those  near  Modena  have  long  been  celebrated. 
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Deposits J'rom  Springs. 

Springs  are  selilom  or  ever  quite  pure,  owinf^  to  ihe  solvent 
property  of  water,  which  percolating  through  the  earth,  al- 
ways becomes  more  or  less?  charged  with  foreign  matter.  Car- 
bonate, snlpliate,  and  muriate  of  lime,  muriate  of  soda,  and 
iron,  are  fre(|uently  present  in  spring^  waters.  Some  are  more 
highly  chargetl  with  tliese  and  other  substances,  sucli  as  car- 
bonate of  luagnesia  and  even  silica,  than  others,  and  have 
hence  obtained  the  name  of  mineral  springs.  Many  are  ther- 
mal, as  before  noticed,  and  seem  not  immediateiy  tierived  from 
the  waters  of  the  atmospliere  ;  as  may  also  be  the  case  w  tlh 
many  that  are  cold,  iheir  nwre  elevated  temperature  having 
been  lost  in  their  ])as>>uge  upwards  through  cotder  strata. 

Many  thermal  springs  contain  silica,  though  this  substance 
is  of  exceedingly  difficult  solution.  The  siliceous  deposits 
from  the  Geysers  in  Iceland  art  well  known.  ISir  George 
Mackenzie  describes  the  leaves  of  birch  antl  willow  converted 
into  stone,  every  fibre  being  discerjiible.  Grasses,  rushes, 
and  peat  are  in  every  state  of  petrilaction.  There  are  also 
deposits  of  clay  containing  iron  pyrites,  which  decompose  and 
communicate  very  rich  tints  to  it.  The  deposits  I'rom  the 
Geysers  extend  to  about  half  a  mile  in  various  directions,  and 
iheir  thickness  muse  be  more  than  twelve  Icet,  for  that  depU^_ 
is  seen  in  a  cleft  near  the  Great  Geyser.  ^H 

The  finest  exhibition  of  such  deposits  as  yet  noticed,  occurs 
in  the  volcanic  district  of  8t.  Michael,  Azores.  Dr.  Webster 
describes  the  hot  s})rings  of  Furnas  as  respectively  varying  in 
temperature  fiom  73**  to  207"  Fahr.,  and  depositing  large 
rjuanlities  of  clay  and  siliceous  matter,  which  envelope  the 
grass,  leaves,  anil  other  vegetable  substances  that  fall  within 
their  reach.  These  they  render  more  or  less  fossil.  The  ve- 
getables may  be  observed  in  all  stages  oi'  petrifaction.  He 
found  "  branches  of  the  ferns  which  now  flourish  in  the  ii>land 
con)pletc!y  petrifiecJ,  preserving  the  same  appearance  as  when 
vegetating,  excepting  the  colour,  which  is  now  ash-grey. 
Fragments  of  wood  occur,  more  or  less  changed  ;  and  one  en- 
tire bed,  from  three  to  five  Jeet  in  depth,  is  composed  of  the 
reeds  so  common  in  the  island,  completely  mineralized,  the 
cejitre  of  each  joint  being  filled  with  delicate  crystals  of 
sulphur*." 

The  siliceous  deposits  are  both  abundant  and  various:  tlie 
most  abundant  occur  in  layers  from  a  quarter  to  lialf  an  inch 
in  thickness,  accumulated  to  the  depth  of  a  foot  and  upwards. 

*  Edin.  PhiL  Juurnul.  vol.  vi. 
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le  strata  are  nenrly  always  parallel  and  hnrizontal,  though 
Rometlmes  slightly  uiithiliitiiig.  The  silex  forms  stalactites, 
9fien  two  inches  in  length,  hi  the  cavities  of  tiie  siliceous  de- 
sits,  and  these  are  iietjuenlly  covered  with  small  brilliant 
|uartz  crystals.  Compact  masses  of  siliceous  depositSj  broken 
9y  various  causes,  have  been  re-cemented  by  silica,  and  the 
compound  is  represented  as  very  beautiful.  Some  of  die  ele- 
irations  of  this  breccia  Dr.  Webster  considers  upwards  of 
lirty  feet  in  height.  The  general  deposit  appears  to  be  con- 
liderable,  and  to  form  low  hills.  The  colours  of  the  clay  and 
liliceous  substances  are  very  various,  and  even  brilliant, — 

[white,  red,  brown,  yellow,  and  purple  being  the  priricipal  lints. 
Where  tlie  acid  vapours  leach  the  rocks,  they  deprive  them 

[of  their  colours.     Sulphur  is  abundant,  and  the  s[)riiigs  occur 

pn  a  district  of  lava  and  trachyte*. 

According  to  Jamesf,  the  thenna!  springs  of  the  Washita 

[deposit  a  very  copious  sediment,  coniposetl  of  s>iiex,  lime,  and 

(iron.  This  shows  that  hot  springs  whtii  propelled  through 
a  non-volcanic  district,  may  yet  contain  silica.  The  same  may 
be  said  of  some  of  the  springs  in  India.  Dr.  Turner  found 
that  the  thermal  springs  of  Pinnarkoon  and  Loovgoolha,  in 
that  country,  which  produced  2-t  grains   of  solid  matter  in  a 

Salion,  contained  2\'5  per  cent  of  silicsi,  19  of  chloride  of  so- 
ium,  19  of  sulphate  of  soda,  19  of  carbonate  of  soda,  5  of  pure 
»6oda,  and  i5'5  of  water|.     The  foHowing  is  an  analysis  ol  the 
Geyser  waters  and  hot  springs  of  Ileikum,  Iceland,  by  Dr. 
Black.     A  gallon  of  each  produced: — 

fJeyser.  Keikum. 

Soda   5V>6  300 

AInmJiiB     2-80  0-29 

Snica  31-50  21*83 

Muriate  nf  soda 14-42  16-1)0 

Sulphate  of  soda     S-.O?  7-53 

TTiese  analyses  do  not  show  the  presence  of  lime,  but  Sir  G. 
Mackenzie  mentions  a  calcareous  deposit  from  boiling  springs 
(temp.  2 1  a'')  in  the  valley  of  Reikholt,  in  Iceland,  charged 
with  carbonic  acid  gas.  Many  thermal  and  other  springs  con- 
tain tliis  gas,  which  seems  very  abundant  in  volcanic  regions. 
To  its  power  of  dissolving  lime,  when  passing  through  calca- 
reous rocks,  those  deposits  are  due,  that  are  so  common  in 
•ome  countries,  particulaily  when  volcanic,  which  are  known 
under  the  general  name  of  Travertin  or  calcareous  tufa.  Pro- 
bably, also,  many  hot  springs  may  contain  carbonic  acid  gas, 
which,  not  meeting  with  calcareous  or  magnesian  strata,  i» 
Uirown  oft'  when  in  contact  with  the  atmosphere. 

•  Edin.  Phil.  Journal,  vol.  vi.         f  Expedition  to  the  Rocky  Mountaiiu. 
;  Elements  of  Chemiitrj-. 
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Travertins  are  of  greater  geological  importance  than  the  &i- 
liceotis  deposits  from  modern  springs,  at  least  so  far  as  their 
extent  of  surface  and  depth  are  concerned  ;  though  both  these 
have  been  greatly  exaggerated,  Irom  the  usual  mode  of  conipa* 
ring  such  deposits,  not  witJi  the  superficies  of  the  land  gene- 
rally, but  with  their  magnitude  relatively  to  the  valleys  or 
plains  in  which  they  may  occur,  and  not  unfrequently  with 
that  of  man  himself. 

The  deposit  from  the  fountain  of  St.  Allire,  near  Clermont, 
formed  a  bridge  which  was,  in  1754,  one  hundred  paces  long, 
eight  or  nine  teet  tliick  at  its  base,  and  twenty  or  twenty-four 
inches  in  its  upper  part  *. 

Mr.  Lyeil  notices  the  calcareous  deposits  from  the  baths  erf 
San  Vignone,  and  states  that  one  stratum,  composed  of  sevo 
ral  layers,  is  fifteen  feet  tliick,  and  that  large  masses  are  cut 
out  ofit  for  architectural  purposes  +.  According  to  Dr.  Gosse, 
the  thermal  waters  which  deposit  this  travertin  are  sufRciently 
hot  to  boil  eggs. 

Ttie  thermal  waters  at  the  baths  of  San  Filippo,  not  far  from 
the  above,  have  a  temperature  of  122°  Fahr.,  one  spring  being 
about  a  degree  or  two  higher.  They  contain  silica,  sulphate 
of  lime,  carbonate  of  Hme,  sulphate  of  magnesia,  and  sulphur; 
and,  notwithstatuling  their  elevated  temperature,  Conferva 
flourish  in  them.  The  ground  nround  is  formed  of  travertin 
deposited  by  the  springs.  There  are  many  fissures;  one  30 
feet  deep,  and  150  to  200  feet  long.  In  it  the  water  is  whitish, 
and  in  a  state  of  ebullition,  whence  its  name,  II  Bollore.  It 
emits  copious  discharges  of  steam  and  sulphurous  vapour. 
There  are  other  fissures  in  which  sulphur  is  sublimed  in  the 
same  manner  as  at  the  Solfatara  near  Naples,  and  the  produce 
was  sufficient  to  constitute  a  branch  of  industry,  now  however 
abandoned.  The  surfaces  of  these  fissures  are  penetrated  by 
sulphuric  acid.  Dr.  Gosse  observed  the  siliceous  stalagmites 
mentioned  by  Professor  Santi,  and  describes  them  as  covering 
the  surface  of  the  travertin  to  the  depth  of  one  eighth  of  an 
inch '%.  Mr.  Lyell  notices  the  spheroidal  structure  of  the  tra- 
vertin deposited,  and  compares  it  with  the  magnesian  limestone 
of  Sunderland.  What  the  amount  of  magnesia  may  be  in  the 
San  Filippo  travertin  is  not  stated,  but  according  to  Dr. 
Gosse  it  is  combined  with  sulphuric  acid.  Sulphate  of  lime 
exists  in  great  abundance  in  these  springs;  so  much  so,  that 
before  the  water  is  conducted  to  the  places  where  the  well- 
known  medallions  are  formed,  it  is  allowed  to  stagnate  for  the 
purpose  of  depositing  the  sulphate  of  lime.  That  the  sulphates 


"  Dauhuissoti,  I.  i.  p.  1'I2 
:  Crossp,  Ellin.  Phil.  J 
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lid  be  common,  would  be  expected  where  so  much  sulphu- 
rous vapour  is  evolved  ;  and  it  is  even  stated  that  sulphur  exists 
in  the  travertin,  though  it  is  principally  composed  of  carbo- 
nate of  lime. 

Deposits  of  travertin  are  by  no  means  uncommon  from  cokl 
springs  in  the  Apennines,  particularly  near  the  volcanic  region 
of  southern  Italy.  The  celebrated  Falls  ofTerni  are,  as  is  well 
known,  artificial,  and  have  l>een  formed  by  cutting  through  a 
previous  calcareous  deposit,  to  form  a  channel  for  the  Velino, 
which  now  rushes  over  a  precipice  into  the  Nera  beneath. 
Upon  the  flat  land  above,  a  considerable  deposit  of  lime  has 
taken  place; — when,  it  does  not  so  clearly  appear,  but  proba- 
bly since  the  establishment  of  the  present  order  of  things. 
Notwithstanding  the  velocity  of  the  water,  its  cutting  powers 
are  trifling,  and  the  upper  channel  preserves  all  the  appear- 
ance of  art.  The  Velino  contains  much  carbonate  of  lime, 
which  it  deposits  after  the  great  leap,  even  in  the  bed  of  the 
Nera,  which  does  not  cut  it  ofl^  but  is  obstructed  to  a  certain 
degree  by  it,  ns  may  be  seen  at  a  place  called  the  Bridge,  over 
which  I  crossed  the  Nera,  by  taking  one  or  two  leaps  at  the 
chasms  cut  by  the  tatter  torrent.  At  this  place  there  must  be 
a  constant  struggle  between  the  destructive  power  of  the  Ntra, 
and  the  lapidifying  power  of  the  Velino.  The  country  around 
exhibits  abundant  examples  of  calcareous  deposits  from  springs 
charged  with  carbonate  of  lime.  The  usual  explanation  ofthis 
phtenomenon  seems  very  probable.  It  supposes  the  carbonic 
acid  to  be  derived  from  the  volcanic  regions  beneath,  (and  they 
appear  not  far  distant  on  the  surface,)  which,  passing  with  ihe 
water  through  the  calcareous  strata,  dissolves  as  much  lime  as 
it  can  take  up,  giving  oft' the  excess  of  carbonic  acid  under  tli- 
minished  pressure  in  the  atmosphere,  and  causing  the  carbonate 
of  lime  to  be  deposited.  The  carbonic  acid  found  so  abundnndy 
inaciduloussprings  is  ascribed  by  Von  Buch,  Brongniart,  Boue, 
Von  Hoff)  and  other  geologists,  to  volcanic  or  igiieous  action  at 
various  depths  beneath  the  surface.  M.  Hofthian  has  further 
shown  that,  in  certain  valleys  of  elevation,  mineral  springs  are 
frequent,  and  cites  the  valley  of  Pyrmonl  as  a  good  example, 
where  the  waters  are  charged  with  carbonic  acid  gas*.  In  the 
marshy  meadows  of  the  v:dley  of  Istrup  (one  of  elevation), 
mounds  of  mud,  from  fifteen  to  twenty  feet  high,  and  100  feet 
in  circumference,  are  produced  by  currents  of  carbonic  acid 
gas,  and  on  their  surface  many  small  reservoirs  of  water  are 

*  The  following  are  tbe  contents  of  tlieae  wsterf,  according  to  Bergman, 
in  a  wine  pint :  Carbonic  acid,  26  cubic  inclies;  carbonate  of  magnesia,  10 
grains;  carbonate  of  lime,  4-6;  Hulphate  of  magnesia,  5-5;  sulphate  of  lime, 
85;  chloride  of  sodium,  1'5;  and  oxide  of  iron,  0*6. — Henry's  Eioments, 
and  Turner's  Elements. 
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kept  in  a  state  of  ebullition  by  bubbles  oFgas  of  the  size  of  the 
fist  ♦.  Alter  producing  oilier  examples  of  this  evolution  of  car- 
bonic acid  gas,  eillier  combined  with  water,  or  nearly  if  not 
altogether  free,  M.  Hofiiiiun  observes,  thnt  "  the  country  si- 
tuateil  on  the  left  bank  t>f  the  Weser  in  the  direction  from 
Carlshafen  to  Vlolho,  up  to  the  toot  of  the  Teutoburg-Wald, 
may  be  compared  to  a  sieve,  whose  apertures,  as  yet  unclosed, 
permit  the  escai>e  of  gas,  disengaged  from  volcanic  depths  h|h 
means  link  now  t]  f.  ^| 

The  travertin  of  Tivdli,  and  the  famous  Lago  di  Zolfo,  near 
Kome,  have  been  much  appealed  to  by  those  who  ascribe  all 
geological  ap]iearances  to  such  causes  only  as  are  now  in  ope- 
ration ;  but  the  former  is  a  mere  incrustation,  considerable  it 
is  true  in  some  situations,  if  measured  by  our  own  magnitude, 
but  insignificant  if  compared  with  the  country  in  which  it  oc- 
curs; and  the  latter  is  but  a  pond  of  water,  dignified  somewliat 
strangely  by  tlie  nume  of  a  lake^  and  containing,  according  to 
Sir  H.  Uavy,  a  saturated  solution  of  carbonic  acid,  with  a  verj' 
small  quantity  of  sulphuretted  hydrogen.  The  spring  is  ther- 
mal, being  about  80"  Fahr. ;  plants  thrive  in  and  about  it,  and 
they  are  encaseil  in  stone  beneath,  ■while  they  vegetate  above, 
and  thus  they  may  become  fossil,  their  mo.sl  delicate  structlUH 
presci-ved,  and  their  rrtmiOcations  uncxnnjiresiied.  ^| 

All  the  exam]>les  hilliertu  produced  of  deposits,  that  can 
fairly  be  traced  to  existing  springs,  are  reliitively  unimportant : 
and  though  they  may  lead  us  to  understand  how  great  geoUv 
gical  deposits  may,  chemically,  have  taken  place,  as  the  cabi- 
net experiments  of  the  chemist  teach  us  the  laws  which  govern 
nature  on  a  large  scale,  tiiey  no  more  could  have  produced 
the  great  limestone  or  siliceou*?  deposits  observed  on  the  eardi's 
surliice,  than  the  experiments  above  alluded  to  could  produce 
the  great  chemical  phauiomena  they  illustrate,  however  lot 
continued. 
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Mr.  Lyell  has  presentetl  us  with  an  account  of  calcareous 
deposits  in  Scotland,  which  are  lemarkable,  not  for  their  ex- 
tent, but  lor  the  circumstances  which  attend  them.  It  appears 
that  the  Bakie  Locti,  Forfarshire,  has  protluced  a  marl  used 
in  the  agriculture  of  the  country.  The  following  is  a  section  of 
the  beds  :  1.  Peat,  containing  trees,  one  to  t\vo  Jieet;  2.  Shell- 
marl,  containing  in  parts  tufaceous  limestone,  provinciallv 
termed  '^rock-marl  "  one  to  sixteen  feet;  3.  Quick-sand,  witli- 
out  pebbles,  cemented  together  in  some  places  by  carbonate 
of  lime,  two  feet ;  4'.  .Shell-niarl  of  good  quality  for  agriculture, 
(almost  every  trace  of  shell  is  oflen  obliterated,)  one  to  tW( 


•  llol!'nian,  Joiiriial  de  ficologie,  t.  i. ;  and  Poggcndorfj  Annulcit, 
t  Ibid.     • 
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Iccl;  5.  Fine  sand,  without  pebbles,  resting  on  transported 
detritus,  at  least  nine  feet.  The  rock-marl  is  limited  to  the 
»iciniiy  of  tiie  springs,  irregularly  distributed  over  the  lake* 
The  Bakie  shell-marl  is  while,  with  a  yellow  tinL  The  rock- 
marl  has  the  same  yellow  tint,  and  consists  almost  wholly  of 
carbonate  of  lime,  compact,  nnd  even  crystalline. 

Organic  remains  (if  the  marl.     Horns  of  stags  and  bulls  ; 
wild  boar  tusks.    Cj/pris  ornata^  Ljini.    Limneca  peregra,  Val- 
I'cta  fontinalis,  Cyclas  lacusfris,  Plauobris  contortus,  Ancyltis 
iacustrisy  all  of  Lamarck.    Mr.  Lyell  considers  this  calcareous 
rock  as  not  inimedtately  due  to  tne  springs,  but  to  have  been 
produced  through  the  agency  of  the  testaceous  inhabitants  of 
jtlie  lake;  for  though  the  springs  do  contain  lime,  it  is  in  such 
r«iiaU(]uaiitities,  that  they  could  not  directly  produce  the  marl. 
LHe  considers  that  the  testaceous  animals  obtained  the  lime 
»r  from  the  water  or  from  the  C'karcc  which  they  fed  upon, 
thai,  dying,  they  left  their  calcareous  exuvia^  to  form,  by 
''accumulatiou,    the  shell- marl,    wliich  was  converted  into  cal- 
careous rock  by  the  action  of  the  water  upon  it;  the  water  con- 
lining  carbonic  acid,   and  forming  a  solution  of  carbonate  of 
lime,  which  might  produce  a  crystalline  limestone.     .Seeds  of 
harte,  or  Gyrogonifes,  ore  converted  into  carbonate  of  lime, 
which  the  nut  is  sonietitnes  found  within ;  but  commonly 
[that  space  is  empty,  and  the  integument  alone  preserved.  The 
iC^arcz  here  found  mineralized  is  the  Cbara  kispida,  a  plant, 
[vhich  now  abounds  in  the  Bakie  Locli,  and  in  the  other  lakes 
\ia  Forfarshire.     It  contains  such  a  proportion  of  carbonate  of 
ime,  as  strongly  to  effervesce  with  acids  wlien  dried. 

Mr.  Lyell,  noticing  the  deposits  of  marl  in  the  Loch  of  Kin- 
Bordy,  states  that  it  is  thickest  at  that  end  of  the  lake  where  the 
irings  are  most  conmion.  The  shells  are  tlie  same  here  as  at 
'die  Bakie  Loch,  and  are,  like  them,  nearly  all  young,  scarcely 
one  in  ten  being  full-sized.  A  large  skeleton  of  a  stag  [CnvtiS 
laphtis)  was  dug  out  of  the  marl,  and  was  remarkable  us  being 
Clbund  in  a  vertical  position,  the  points  of  the  horns  being  nearly 
at  the  surface  of  the  marl,  while  tlie  feet  were  about  two  yards 
^■below  it.  The  marl  is  covered  by  peat,  and  in  this  peat  were 
^Uiscovereii  other  skeletons  of  slags,  and  (in  ISt^O)  the  remains 
^Bof  an  ancient  canoe,  hollowed  out  of  the  soiid  trunk  of  an  oak  *. 
^r  There  is  something  in  the  formation  of  these  lakes  which 
reminds  us  strongly  of  the  epoch  of  the  submarine  forests  and 
^_  of  the  lacustrine  deposits  of  East  Yorkshire,  which  will  be  no- 
^■ticed  in  the  .setiue) ;  Uke  them  they  seem  to  have  succeeded  a 
^^Considerable  trutispori  oi' detritus,  and  to  have  been  gradually 
'  up,  being  surmounted  by  peal;  previous  to  the  iornmliou 


•  Lyell,  Geol.  Trans.  2nd  aerie«,  vol.  ii. 
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of  whicli  latter  production  man  certainly  was  an  inhabitant  of 
tbese  islands,  as  his  works  are  entombed  in  it :  the  lakes  being 
then,  probably,  more  or  less  open  spaces  of  water,  or  else  his 
boat  would  have  been  of  little  service  to  him. 

Naphtha  and  Asphalhim  Springs. 

Tliese  are  distributed  over  various  parts  of  the  world,  and 
cannot  be  considered  as  rare.  Accordiiifr  to  Dr.  Holland,  the 
petroleum  springs  of  Zaiile  are  much  in  the  same  slate  as  in 
the  time  of  Herodotus,  They  are  situated  on  a  small  marshy 
flat,  bounded  by  the  sea  on  one  side,  and  by  limestone  and  bi- 
tuminous shale-hills  on  the  others.  The  principal  pool  is  about 
50  feet  in  circumference,  and  a  few  feet  deep:  the  sides  find  bot- 
tom of  this  and  the  others  are  thickly  covered  with  petroleum, 
which  by  agitation  is  brought  to  the  surface  of  the  water,  and 
collected.  The  amount  obtained  is  estimated  at  100  barrels 
annually*. 

James  states  that  about  100  miles  above  Pittsburgh,  and  near 
the  Alleghany  river,  there  is  a  spring,  on  the  surface  of  which 
float  such  quantities  of  petroleum,  that  a  person  may  collect 
several  gallons  iu  a  t\n\\  He  considers  that  it  may  probably 
be  connected  with  coal  strata,  as  is  the  case  with  similar  springs 
in  Ohio,  Kenluckyf. 

The  pitch  lake  of  Trinidad,  estimated  at  about  three  miles 
in  circumference,  has  ioiig  been  celebrated.  According  to  Dr. 
Nugent,  the  asphaltuni  is  sufficiently  hard  in  wet  weather  to 
sup}K)rt  heavy  weights,  but  diujiig  ihe  beats  it  approaches 
fluidity.  It  is  intersected  with  numerous  cracks  filled  with 
water ;  and  it  appears  that  these  cracks  sometimes  close  up 
again,  leaving  marks  \.m  the  surface  of  the  pitch  lake.  When 
slightly  covered  with  soil,  as  it  is  in  some  situations,  good 
crops  of  tropica!  productions  are  obtained.  From  this  cover- 
uig  of  soil  it  is  diificult  to  estimate  the  exact  boundaries  of  the 
lake  X' 

Captain  Alexander  states,  that  at  Pointe  la  Braye  masses 
of  pitch  advance  into  the  sea,  and  have  the  appearance  of 
black  rocks  among  the  trees.  At  the  hamlet  of  la  Braye,  the 
coast  is  covered  with  pitch,  which  runs  out  to  sea  and  forms 
a  bank  untler  waterj. 


•  Holland's  Travels  in  the  Ionian  Isles,  Albatiia,  &c. 

t  Expedition  to  the  Rock)'  Mountains, 

J  Nngcnt,  Geol.  Trans,  vol.  i. 

{  Alexander,  Jarafson's  Kdin.  I'liil.  .linirnal,  Jan.  1S33.  The  same  author 
notices  an  assemblage  ot'sakes  or  mud  volL-unuaut  Pointe  du  ('iio,  forty  niile« 
southward  from  the  pitch  lake.  1'he  largest  of  the  aalsec  is  about  IfiO  feet 
in  diameter. 


/oral  Reefs  and  Islands, 


163 


Large  quantities  of  naphtha  are  obtained  on  the  shores  of 

te  Caspi;ni.  'l"!ie  inlinbitnuts  of  the  town  of  Baku,  a  port  on 
Kt  sen,  are  supplied  with  no  other  fuel  than  th«t  obtained 
>m  the  naphtha  and  petroleum,  with  which  the  neiirhlxiuriug 
country  is  highly  impregnated.  In  llie  island  of  \\'etoy  and 
on  the  peninsula  of  Apcheron,  this  substance  is  very  abun- 
dant, supplying  immense  quantities  which  are  taken  awaj'. 
Thermal  springs  are  fountl  near  those  of  naphtha  •. 

The  naphtha  springs  at  Rangoon,  Pegu,  appear  to  be  ex- 
ceedingly abundant.  Mr.  Coxe  estimates  their  produce  at 
92,781  tons  per  annum.  In  the  Indian  Islands  there  are  also 
similar  springs.  Marbden  notices  them  in  Sumatra,  at  Ipu,  and 
jwhere. 

Coral  Reefs  and  Inlands. 

'Tn  consequence  of  the  numerous  situations  where  these  are 
observable  in  the  Pacific  Ocean  and  Indian  Seas,  veryexag- 
lyjerateti  ideas  have  generally  been  entertained  of  their  relative 
TOportance.  Large  masses,  supposed  to  be  tlje  work  of  my- 
riads of  polypifers,  were  considered  to  have  been  raised  by  the 
labour  of  these  animals  from  great  deptlis,  while  immense 
sheets  of  coral  rock  were  supposed  to  cover  tlie  bottom  of  the 
jeas.  During  Kotzebue's  voyage,  M.  Chamisso  enjoyed  op- 
Ipbrtunities  of  visiting  some  remarkable  groups  of  islmuls,  ar- 
i^ngetl  in  a  circular  or  oval  manner,  with  openings  among 
Uteni  which  permitted  the  passage  of  a  vessel  from  the  outer 
Htean  into  the  central  basin.  These  islands  seemed  merely 
l^her  portions  of  a  circular  or  oval  lidge  of  coral  reefs  of  un- 
equal heights.  M.  Chamisso  presented  a  description  of  what 
he  considered  the  stages  which  the  coral  reef  passed  through 
before  it  became  an  island  habitable  for  man.  This  descrip- 
tion has  been  so  often  quoted  that  it  must  be  familiar  to  most 
renders. 

Subsequently  to  Kotzebue's  voyage,  MM.  Quoy  and  Gai- 
mard,  who  sailed  with  the  expedition  of  M.  Freycinet,  paid 
particular  attention  to  the  coral  islands  and  reefs  which  they 
had  opportunities  of  examining;  and  the  result  of  their  obser- 
vations was,  that  the  geological  importance  of  tliese  islands 
and  reefs  had  been  greatly  exaggerated.  Far  from  supposing 
that  the  ptilypifers  raise  masses  from  great  <ieptlis,  tlvuy  con- 
sider tliat  they  merely  produce  incrustations  of  a  few  fathoms 
in  tliickness.  In  those  situations  wiiere  the  heat  is  constantly 
intense,  and  where  the  land  is  cut  into  bays,  with  shallow  and 
<|uiet  water,  the  saxigenous  polypi  increase  most  considerably, 
icruiiting  the  rocks  beneath.     The  same  authors  observe, 

•  Edin.  Phil.  Journal,  vol.  v. 
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that  tfie  species  \vliicl>  constantly  rortiiecl  tlie  most  extensive 
banks  l>eioiig  to  the  i^enera  MeuHdiiuu^  Car^uphi/lliut  uiid 
Astrea^  but  especiiiUy  lo  the  latter ;  and  tliat  these  genera  are 
not  found  at  depths  exceeding  a  few  falhoms.  It  is  therefore 
concluded,  that  unless  we  are  to  suppose  these  animals  en- 
joying tlie  prerogative  of  iidiabittitg  all  depths,  under  various 
presiiires  of  water,  and  diflerenl  tern perulii res,  they  cannot 
have  pro<luced  the  masses  attributed  to  them.  From  these 
and  other  considerations  lliey  infer,  lliot  the  nppearance  of 
coral  reel's  and  islands  depends  un  the  inequalities  of  the 
mineral  masses  beneath,  the  circular  character  of  some  being 
due  lo  the  crests  of  submarine  craters*.  This  conclusion 
seems  far  from  improbable,  for  we  know  that  volcanic  venls 
are  conimon  in  the  :same  seas;  and  that  in  the  West  Indies, 
and  tlie  tropical  paiis  of  the  Atlantic,  where  corals  are  suffi- 
ciently uumeious,  we  do  not  observe  these  circular  groups  of 
islands,  the  volcanic  vents,  though  existing,  not  attaining  the 
imporlarice  of  those  in  the  Pacific  Ocean  or  Inchaii  Seas. 

MM.  Quoy  and  Gaimard  observe,  iliat,  neither  with  the 
anchor  nor  the  lead,  htive  they  ever  brought  up  frngnientij  of 
A&irt'iC,  alone  capable  of  covering  large  spaces,  except  where 
the  water  was  slialiow,  about  iwenty-five  or  thirty  feet  in 
depth,  though  they  found  that  tlie  branched  corals,  which  do 
not  form  solid  masses,  livett  at  great  depllisf.  They  agree  with 
Forster,  that  the  polyjjifers  may  form  small  isles,  when  masseit 
of  land  .shelter  them,  h\  raising  their  habitations  lo  the  level 
of  the  sea:  thus  exposing  a  surface  on  which  sands  and  other 
matters  are  heaped  ami  consolidated:  a  mode  of  formation 
in  acconlance  with  what  I  have  observed  on  the  coasts  of 
Juinnica. 

With  regard  to  the  great  depth  of  water  frequently  observed 
close  to  the  coral  reefs,  the  same  authors  consider,  that  they 
may  be  accounted  for  on  the  supposition  that  the  polypifers 
have  erected  their  dwellings  upon  the  verge  of  a  steep  cliff',  such 
as  is  commonly  observed  on  the  sides  of  mountains  and  coasts. 
In  support  of  this  opinion  ihey  cite  the  isle  of  Kola ;  where 
corals,  resembling  those  now  found  in  the  neighbouring  seas, 
occur  on  clifis.  There  are,  however,  certain  situations  where 
coral  reefs  run,  as  it  were,  in  a  line  with  a  coast,  but  separateil 
from  it  by  deep  water,  which  would  seem  to  require  a  different 
explanation. 

•  (juoy  et  Gainmrd,  Siu  I'Accroissemcnt  des  I'olypes  Li'thopliytea  con- 
sidert"  g^ologiquemfiit,  Auit.  dt-s  Sci.  Nai.  loiii.  vL 

f  Sounding  oil"  Cape  Horn  ut  (ihout  5G"  S.,  and  in  nlyjut  fifty  falliwiis  of 
water,  they  brought  up  Kitiall  live  branched  cornls;  and  sounding  in  one  hun- 
dred fathoms  oti  the  hank  of  I.aghuUiu  (otf  the  ■oiithcra  point  of  .\frico,) 
ihey  obtained  Reteportr. 


m  situations  such  ns  thube  in  which  these  corul  iUcs  and 
reefs  abound,  vvliere  recent,  and  cdmpfiralivcly  lecerit,  vokanic 
action  is  so  apparent,  we  sliould  expect  to  find  evidences  of 
the  rise  of  sucli  reefs  above  iht-  level  of  the  sea;  and,  accord- 
iDg]y»  navigators  have  presented  lis  with  iheni-      MM.  Qiioy 
and  Gaimard  state,  that  llie  sliorts  of  Coupang  and  Timor 
are  formed  of  coral  hcds,  which  induced   Pciou   to  consider 
that  the  wliole  island  was  the  work  of  iiolypiiers.      But  it  ap- 
pears^ that,  proceedijip  towiinls   the  heights,  %'ertical  beds  of 
slate,  traversed  by  (|uartz,  are  met  with  at  about  five  Ijuudred 
^■jards  from  the  town  :  and  upon  these  and  other  rocks  do  the 
^Eural   beds   rest,   whicli  M\I.  Quoy  and  (Jaiinard  estininle  as 
^mot  exceeding  twenty-five  or  tliirty  feet  in  lliickness.     At  the 
^Plsle  of  France  a  similar  bed,  more  than  ten  feet  thick,  occurs 
between  two  lava-currents;  and  at  Wahoii,  one  ol' the  iStinJ- 
wich  Isles,  coral  beiU  exttml  some  liitle  distance  into  the  in- 
terior.    To  this  we  may  add,  that  round  the  e:ist  coast,  and 
on  the  northern  side  of  Jamaica,   ihere  is   an  extensive  bed 
blmt  merely  fringes  the  land,  about  twenty  lieet  thick,  which 
las  every  appearance  of  a  coral  bank  raised  above  the  waters, 
id  brought  within  the  destructive  action  of  the  breakers. 
In  situations  like  those  in  the  Pacific,  wlicrc  volcunos  and 
iral  reefs  are  both  abundant,,  we  should  expect  to  find  some 
irlous  combinations  of  volcanic  matter  with  coral  banks,  and 
tven  alternations:  even  admitting,  for  the  argument,  that  the 
»nncij)al  rock-forming  polypifers  do  not  build  beneath  tvvcnty- 
ive  or  thirty  feet  of  water;  still  with  the  movements  of  !and 
rhich  may  accompany  volcanic  action,  such  banks  may  be  de- 
)ressed,  and  covered  by  lava-currents,  and  again  raised  and 
wrought  to  view.     The  example  adduced  in  the  Isle  of  France 
sufficient  to  show,  tliat  at  least  one  corai  bed  may  be  in* 
losed  between  lava- currents. 

We  cannot  conclude  this  sketch  without  noticing  a  singular 
ict,  observed,  as  we  have  been  informed,  by  Mr.  Lloyd  while 
fengaged  in  his  survey  of  the  Isthmus  of  Panama.  Seeing 
some  beautiful  polypiters  on  the  coast,  he  detached  specimens 
of  them;  and,  it  being  inconvenient  to  take  them  away  at  the 
lime,  he  placed  them  on  some  rocks,  or  other  corais,  in  a  shel- 

Ilered  and  shallow  pool  of  water.  Returning  to  remove  thcux 
p  few  days  afterwards,  it  was  found  that  they  had  secreted 
Stony  matter,  and  fixed  themselves  firmly  to  the  bottom. 
Kow  this  property  must  greatly  assist  in  the  formation  of  solid 
coral  banks  ;  tor  if  pieces  of  live  corals  be  struck  off  by  tlio 
breakers,  and  thrown  over  into  calm  water  or  holes,  they 
would  affix  themselves,  and  add  to  tiie  solidity  of  the  mass. 
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Submarine  Foiests. 

At  various  points  round  the  shores  of  Great  Britain,  of  the 
northern  parts  of  France,  anU  of  the  Baltic,  accumulations  of 
wood  and  plants,  wliich  tio  not  apjiear  to  itilfer  from  those 
now  existing,  but  on  the  contrary  to  be  identical  with  them, 
occur  at  levels  beneath  those  of  high-water.  To  these  lig- 
neous and  other  vegetable  remains,  which  are  coninionly  seen 
at  the  retreat  of  the  tide,  a  temporary  removal  of  the  bench, 
or  an  encroachment  of  the  sea  on  tracts  of  land  but  slightly 
raised  above  it,  the  name  of  Submarine  Forests  has  been  gixen. 

Correa  de  Scrra  describes  the  submarine  forest  on  the  coast 
of  Lincolnshire  as  composed  of  the  roots,  trunks,  branches, 
and  leaves  of  trees  and  siirubs,  intermixed  with  flr|untic  plants; 
many  of  the  roots  still  standing  in  the  }>osition  in  which  they 
grew,  while  the  triiuks  were  laid  prostrate.  Birch,  fir,  and 
oak  were  distinguishable,  while  other  trees  could  not  be  deter- 
mined. l{\  general,  the  wood  was  decayed  and  compressed, 
but  sound  pieces  were  occasionally  found,  and  employed  for 
oecononiical  purposes  by  the  people  of  the  country.  The  sul>- 
soii  is  clay,  above  which  were  several  inches  of  compressed 
leaves,  and  among  them  some  consitlered  to  be  those  of  the 
Ilex  a<jui/blii/m,  as  also  the  roots  of  Ariindu  P/irn^miles. 

These  appearances  are  not  confineil  to  the  coast,  but  extend 
considerable  distances  into  the  interior,  so  that  the  former 
merely  presents  a  natural  section  oi'  that  which  occupies  a 
large  area  inland.  A  well  sunk  at  Sutton  aflbrdcd  the  follow- 
ing section: — 

1    Clnj- 16  feet. 

'2.  Substauces  liiinilcir  lo  the  subinorine  forest  3  to  4  feet. 
3i  bubstancfs  Tesenililinj^  the  scouring  of  n 

ditch-boUoiu,  lui.vcd  \vilh  A\e\h  and  silt .  20  feet. 

4.  Marly  ciny I  foot. 

5.  Chalk,  rucit* 1  foot  to  2  feet. 

G.  Ciuy ;M  fuel. 

7.  Gravel  and  water Not  known. 

Another  boring  made  Inland  by  Sir  Joseph  Banks  afforded 
a  similar  section.  This  "  niocu"  as  Correa  de  Serra  terms  it, 
is  coiisiilered  to  extend  to  Peterborough,  more  than  sixty  iliiles 
south  from  Sutton  f. 

Mr.  Phillips  presents  us  witli  very  interesting  details  re- 
specting some  lacustrine  deposits  in  Yorkshire,  which  are  ap- 
parently ot  the  age  of  these  submarine  forests,  and  which  have 

•  Tills  would  seetu  not  to  be  chnlk,  )»roperly  so  tiilled,  but  mcrflv  n 
chalky  substance.  f  Cornu  de  Sena,  I'liiJ.  Tntui>.  17!)ij' 
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^me  in  bome  places  submergeil.     Me  reniarki>  iliat  llie  fol- 

ing  may  be  considered  as  their  general  section.     1.   Clav, 

generally  of  a  blue  colour  and  (hie  texlure.     2.  Peat,  with 

various    root>>   and    plauUi ;    atid  in  large  deposits,  contain- 

abundance  of  trees^  nuts,  hoins  of  deer,  bones  of  oxen, 

&c.  ».  Clay  of  different  colours,  wiih  fresh-water  LimucCiE. 

4.   Peat,  as  above.     5.  Clay,   with  fresh-water  Ct^clades,  &c. 

and  blue  phosphate  of  iron.    6.  8haly  curled  bituminous  ciny. 

7.  Sandy  coarse  lantinaled  tlay,  filling  hollows  in  the  diluvial 

(brmation.     Mr.  Phillips  considers  the  accumulations  of  peat 

ong  the  banks  of  the  1  lumber  and  its  tributaries  as  ol  the 

me  epoch  as  these  deposits,  uf  wliich,  he  observes,  the  most 

nstaiit  beds  are  Nos.  1,  2,  and  5.     The  species  of  deer  enu- 

lerated  as  found  in  the  peat,  are, — the  great  Irish  elk,  {Cer~ 

us  gi^antcus),  the  red  deer  {(-.  Etaphus\  and  the  fallow  deer 

C.  Datna).     The  peat  dejiosit  of  llie  niyrsli-lands  is  covered 

y  silt  and  clay,  sonietinies  thirty  feet  thick,  such  as  is  now 

eposited  by  the  Humber  ^.  The  peat  is  represented  as  beneatli 

w-water  mark. 

Dr.  Fleming  describes  a  submarine  forest  on  the  sljores  of 
le  Frith  of  Tny,  extending  iu  detached  portions  on  each  side 
of  Flisk  beach,  three  miles  to  the  westward  and  seven  miles 
.to  the  eastward-     It  rests  on  clay  of  unknown  depth.     The 
ay  is  similar  to  the  airse  grouml  on  the  opposite  side  of  the 
rith,  and  to  tlie  banks  in  the  channel.     *'The  upper  portion 
of  this  clay  has  been  penetrated  by  numerous  roots,  wliieli  are 
now  changed  into  peat,  and  some  of  them  even  into  iron  py- 
rites.    The  surface  of  this   bed  is  hori/onla!,   and   situated 
nearly  on  a  level  with  low-water  mark.     In  ibis  respect,  how- 
ever, it  varies  a  little  in  different  places.     The  peat  bed  oc- 
urs  iroiuediately  above  this  clay.     It  consists  of  the  remaitis 
of  leaves,  stems,   and  roots  of  many  common  plants  of  the 
uatural  orders  E(j nisei ficvcc,  GraminciC^  and  C^peraceic,  mixed 
with  roots,  leaves,  and  branches  of  birch,  haze),  and  probably 
also  alder.     Ilazei-nuts  deslitule  of  kernel  are  of  frequent  oc- 
currence,    Alt  these  vegetable  remains  are  much  depressed  or 
flattened  where  they  occur  in  a  horizontal  jwsition,  but  %vlien 
•erlical,  tliey  retain  their  original  rounded  form.     The  peat 
Wy  be  easily  separated  into  thin  layers,   the  surface  of  each 
covered  with  leaves.     The   lower  [lorlion  of  this  peat  is  of  a 
browner  colour  than  the  superior  layers;  the  texture  is  like- 
vise  more  compact,  and  the  vegetable  remains  more  oblite- 
ratedf." 
The  same  author  further  observes,   that  stumps  of  ti  ees, 


•  Phillips.  Illuslralionii  of  (lie  Geology  of  Yorkshire,  IH'I'J. 
j\  'I'ruiis.  Royal  Soc.  ui  Edinburgh,  vol.  ix. 
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wiili  the  roots  atlaclied,  are  observed  on  ihe  surface  of  the 
peat,  and  no  doubt  can  exist  that  tliey  are  in  tlie  positions  in 
which  they  grew.  No  alluvial  soil  slraium  was  observed  above 
the  peat,  tUe  surface  of  whicli  does  not  occur  at  a  liigher  level 
than  from  four  to  five  feet  belmv  high-water  mark. 

Dr.  Fleming  also  describes  another  submarine  forest  in  the 
Frith  of  Forth,  at  I^argo  Wv^y.  It  rests  on  a  brown  clay,  into 
which  the  roots  of  the  trees  have  penetrated.  The  author 
considers  it  as  lacustrine  silt.  Over  this  there  is  an  irregu- 
larly distributed  covering  of  sand  and  fine  gravel.  The  peat 
is  composed  of  land  and  fresh-water  ]>lants,  among  which  are 
the  remains  of  birch-,  hazel-,  and  alder-trees;  hazel-nuts  are 
also  seen.  Dr.  Flemin<i;  traccil  the  loot  of  one  tree,  apparently 
an  alder,  more  than  six  feet  from  the  trunk  *. 

If  we  pass  from  t!ie  main  land  of  Scotland  to  its  isles, 
we  shall  observe  that  the  same  appearances  present  them- 
selves. Mr.  Watt  notices  a  subniariue  foi'est  in  ll»e  bay  of 
Skaill,  on  the  west  coast  of  the  maiidand  of  Orkney,  Stems 
of  small  fir-trees,  leu  feet  lonnr  and  Jive  or  six  inches  in  diameter, 
are  fonnd  partly  imbedded  in,  and  partly  resting  on,  the  sur- 
face of  an  Hccumuhuion  of  vcffetabie  iTiatter  principally  com- 
posed of  leaves.  The  stems  were  still  attached  to  their  roots, 
and  the  whole  was  greatly  decayetl,  so  us  to  be  easily  cut  by 
tlie  spade.  Many  seeds  ol  the  size  of  a  turnijvseed  were  dis- 
covered among  the  vegetable  matlerf. 

The  Rev.  C  Smith  describes  a  submarine  forest  on  the  coast 
of  Tiree,  one  of  the  Hebrides.  Benciitli  a  plain  of  1500  acres 
in  extent  there  wouid  appear  to  be  moss-land,  similar  to  that 
previously  noticeil,  uniler  twelve  or  sixteen  feet  of  alluvial 
covering.  The  nioss-Iand  is  seen  to  bound  the  pJain  on  the 
east,  and  the  bay  in  whicli  it  appears  is  open  to  the  whole  force 
of  the  Atlantic.  The  general  depth  of  the  peat  or  moss-land 
amounts  to  several  teet,  but  at  its  appearance  on  the  shore  it 
does  not  exceed  four  or  five  inches.  This  is  firm,  and  ad- 
heres strongly  to  a  sandy  clay,  on  which  it  is  based.  Besides 
the  remains  of  trees,  wjiich  are  obvious,  llierc  are  other  and 
amaller  plants,  and  numerous  seeds,  which  at  first  looked 
quite  fresh,  but  afterwards  became  darker  from  exposure. 
*'  The  secdij.  have  the  appearance  of  belonging  to  some  plant  of 
the  natural  order  oi"Z,/'«MMi/HOAfC ;  and  Mr.  Drummond  sug- 
gests that  they  may  probably  be  those  of  Genista  anglicaX" 

According  to  the  same  author,  submarine  forests  arc  by  no 
means  uncommon  on  tlie  shores  of  Coll.  He  also  cites  the 
Rev.  H.  Maclean  as  having  noticed  similar  appearances,  not 
observed  by  himself,  in  the  island  of  Tiree. 

•  Jduviiul  iif  .Science.  f  Edin.  Phil.  Journal,  vol.  iii.  p.  !00. 

I  Smith,  lidin.  New  Phil.  Journal,  1829. 
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Relurniug  again  to  the  main  land,  we  find  similnr  appear- 
ances described  by  Mr.  Stephenson,  on  the  shores  of  ine  flat 
lands  between  the  Mersey  and  llie  Dee,  on  l!ie  coa^t  of  Che- 

i shire.  Stumps  of  trees,  ramifying  in  al!  directions,  ure  stated 
lo  appear  as  if  cut  ofl'ulwut  two  feet  from  the  ground.  'I'he  ve- 
getable matter  rests  on  hlueish  mart,  and  is  covered  by  sand  *. 
Mr.  Yates  notices  a  subniarine  forest  on  the  coast  of  Meri- 
oueibshire  and  Cardiganshire,  divided  into  two  by  t!ie  estu- 
ary of  the  river  Dovey.  A  sandy  beach  and  wall  of  shingles 
bound  it  on  the  land  side,  beyond  which  is  marsh. land,  par- 
tially ^1  rained  by  the  oozing  of  tlie  water  through  the  sand 
and  shingle.     The   Pitms  si/lvestris,  or  Scotch   Fir,  occurs 

■  smong  the  other  trees-|-. 
Mr.  Horner  describes  a  submarine  forest  on  the  coast  of  the 
S.  W.  part  of  Somerselshire.     It  is  well  seen  between  Stollbrd 

■  and  the  mouth  of  the  Parret,  where  the  shore  is  low;  a  high 
shingle  beach,  principally  composed  of  lias  (the  rock  of  the 
vicinity),  protects  the  level  land  behind  from  the  sea.  The 
vegetable  remains  present  themselves  here,  as  in   the  other 

■  places,  as  a  stratum  of  j)eat  or  decayed  leaves,  containing  the 
trunks,  stems,  and  branches  of  trees.  Among  these  are  twigs, 
nuts,  and  a  plants  (commonly  found  entire,)  which  Mr.  Brown 
considered  might  be  the  Ziisfem  occauica  of  Linnteus.  Some 
of  the  stems  of  trees  were  twenty  feet  long,  and  the  woods 
were  considere*!  to  be  oak  and  yew,  not  generally  <lecaved, 
but  sufiicienliy  hard  and  tough  to  be  used  as  timber,  and  for 
fueL  Even  those  trees  which  were  soft  when  taken  out,  be- 
came hard  when  dried.  The  brown  vegetable  matter  was 
generally  a  foot  or  eighteen  inches  thick,  and  rested  on  blue 

clayt- 

From  this  coast  there  is  an  extensive  tract  of  flat  land,  which 
extends  a  considerable  distance  inland,  and  from  it  the  hills 
rise  in  promontories,  islands,  and  other  forms,  precisely  as 
tbey  would  rise  from  a  level  sea.  Mr.  Horner  cites  De  Luc 
as  stating,  that  while  new  channels  were  digging  between  the 
Brue  and  the  Axe,  a  bed  of  peat  was  found  beneath  the  surface. 
This  stratum,  if  it  may  be  so  called,  has  been  noticed  in  other 
parts  of  the  same  flats,  and  even  trees  have  been  reported  as 
found  in  it ;  seeming  to  show  that  the  forest  noticed  on  the 
shore  may  be  only  a  section  of  a  large  deposit  beneath  the 
Bridgewater  levels. 


I 


•  Edin.  Phil.  JoumaJ,  vol.  xviii.  Mr.  Sinitli  cites  the  Liverpool  Courier  of 
December  1827,  to  show  (hnt  after  a  heavy  gale,  trunks  an<l  roots  of  trees 
Were  found  under  ihe  sand  below  high-wiiUT  mark,  which  had  all  the  ap- 
pearance of  having  grown  win  re  llieti  fouiid. 

t  Yates,  I'roctcdings  of  the  Gcol.  Sot\,  November  7,  1832. 

J  Horner,  Ocol.  Trans,  vol.  iii.  p.  3SU,  i'c. 
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A  very  important  adifition  to  otir  knowledge  of  suBmafinc 
forests  has  l)een  made  by  Dr.  Boase  in  his  description  of  that 
in  Mount's  Bny,  Cornwall,  The  vegetable  bed  consists  of  a 
brown  mass,  composed  of  ihc  bark,  twifrs,  tmd  leaves  of  trees, 
which  appear  to  be  almost  entirely  hazel.  In  this  tliere  are 
numerous  branches  am!  trunks  of  trees.  The  greater  part  of 
this  wood  is  hazel,  mixed  with  alder,  elm,  and  oak.  "  About 
a  foot  below  the  surface  of  this  bed,  the  chief  part  of  the  mass 
is  composed  of  leaves,  amongst  which  hazel-nuts  are  very 
abundant.  In  this  layer  may  also  be  found  filaments  of  mosses, 
and  portions  of  the  stems  ami  seed-vessels  of  small  plants, 
many  of  them  evidently  beiongi  tig  to  the  order  of  Grasses; 
together  with  the  fragments  of  insects,  particularly  of  the 
elytra  and  mandibles  of  the  beetle  tribe,  which  still  display 
the  most  beauiiful  shining  colours  when  first  dug  up,  but  ofi 
exposure  to  the  air  all  these  minute  objects  soon  crumble  into 
dust."  Beneath  this,  the  vegetable  matter  becomes  closer, 
and  fnially  eiirthy  and  of  a  lamellar  structure,  Jt  rests  on  gra- 
nitic sand,  and  this  again  on  clay  slate.  The  vegetable  stratum 
slopes  from  tlie  interior  to  the  sea  at  about  an  angle  of  two 
degrees.  It  is  covered  by  a  bed  of  smoothly  polished  shingles, 
composed  of  hornblende  rock,  about  two  or  three  inches  in 
diameter.  The  bed  is  sixteen  feet  thick,  and  is  crowned  by  a 
granitic  sand  about  ten  feet  thick.  The  vegetable  bed,  by  its 
rise,  appears  beneath  a  marsh  hdand,  having  passed  under  its 
covering  of  pebbles  and  sand  *. 

M.  De  la  Frnglaye  observed  that  after  a  heavy  gale  in  1811, 
a  beach  near  Morlaix,  which  previously  seemed  to  consist  of 
sand,  presented,  from  the  sand  being  washed  away,  an  ap- 
pearance of  a  large  mass  of  vegetable  matter  and  trees  united 
together  and  extentling  along  shore  for  a  considerable  di- 
stance. The  leaves  were  well  preserved,  but  the  trunks  and 
branches  of  trees  were  rotten.  Oak  was  observed  atnong  the 
wouil,  and  insects  with  their  colours  preserved  were  disco- 
vered in  the  mass.  A  few  days  after  this  event  this  accumu- 
lation of  vegetable  matter  was  again  covered  up  by  sand  f. 

The  peat  moors  which  occur  on  different  points  of  the  shores 
of  the  Baltic,  near  Greifswald,  near  Gtiageland,  on  the  S-E. 
side  of  the  Half,  at  its  confluence  with  the  Oder  near  Swine- 
m'lindc,  in  the  island  of  Useitoin,  and  in  the  vicinity  of  Col- 
berg,  agree  in  many  respects  with  the  submarine  forests  above 
noticed.  They  are  in  many  places  from  ten  to  fourteen  feet 
below  the  level  of  the  Baltic,  above  which  they  only  rise  a  few 
feet.  They  are  separated  from  the  sea  by  a  slip  of  coast  of 
various  breadths,  by  <lunes  and  sandbanks,  under  wliich  they 


•  BoBse,  Traus.  Gcol,  Soc.  Cornwall.        f  Joum.  dcs  Minei,  t.  xxx. 
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do  not  extend,  but  gradually  disappear.  In  tJiese  peat  moorsj 
the  greatest  depths  of  which  are  in  their  central  portions,  Innd, 
marsh,  and  fresh-water  plants,  with  their  seeds,  are  nlone 
discovered,  to  tlie  exclusion  of  marine  vej^etation.  Trunks  of 
trees  with  their  roots,  amou';  which  are  oaks  and  pines  {Pinus 
iti/lvesiris)t  are  found  in  them,  not  at  the  bottom,  but  at  some 
llteight  above  il.  Tlie  roots  occur  in  iheir  natiu-al  positions, 
)ften  several  times  above  each  othur,  sisll  however  beneath 
^tbe  present  level  of  the  Baltic  lo  the  depth  ofttve  feet. 

In  some  places  the  Aitmdo  Phragmites  so  abounds  that  the 

peaty  moss  seems  entirely  composed  of  it.     The  lower  layers 

contain  Ceratophifllum  dcmersiwi,  Polamogeton  pusillum,  Nnjas 

\mujor,   Ni(niplta:a  lutea.     Scirjnis  palustris^  and  Hippiiris  vid- 

faris,  are  also  discovered  with  tlie  Antitdo.     Seeds,  especially 

)f  the  Mcnyantkes  irijbiiata,  are  also  Irequent  in  the  lower 

flayers.     The  ground  beneath  the  peat  contains  fresh- water 

shells:  Paludina  impuroj  Lam.,  Planorbis  imbricatus^  Ct/clo- 

^  stoma  acutunif  and  Limneris  vulgaris*. 

Having  cited  so  many  examples  to  show  their  general  sU' 
iTnUarity,  I  shall  merely  notice  that  I  have  observed  submarine 
forests  on  the  coasts  of  Normandy,  one  to  the  east  of  the 
Vaches  Noires  clifls,  and  the  other  near  St,  Honorinc,  both 
at  the  mouths  of  valleys;  and  that  at  the  mouth  of  the  Char, 
coast  of  Dor.set,  there  are  traces  of  another. 

To  account  fur  the  occurrence  of  these  submarine  forests 
two  very  different  explanations  have  been  pro]wsed  ;  one  suji- 
posinga  change  in  the  relative  Jevef  of  sea  and  land  on  certain 
coasts  of  Western  Europe;  the  other  referring  their  origin  to 
an  accumulation  of  vegetable  matter  in  stagnant  pools  or  lakes 
of  either  fresh  or  brackish  water,  defended  from  tlie  sea  by 
sandbanks  or  dunes:  the  bottom  of  such  pools  or  lakes  being 
beneath  the  level  of  the  sea.   The  latter  ex|ilanation  would  ap- 
pear snflicient,   if,  in  all  cases,  that  portion  of  the  ]>eat  wliich 
shows  the  growth  of  such  woods  as  certain  firs  and  oak,  was 
^_  above  luw-ivaln-  mark.     This,  however,  does  not  appear  to 
^B  be  llie  fact.  We  can  readily  imagine  an  accunndalion  of  beach 
^^  or  sandy  dunes  in  front  oi'  a  level  tract  of  country,  or  at  the 
mouths  of  valleys ;  anil  the  formation  of  lakes  or  ptiols  of  fresh 
^ft  or  brackish  water  behind  such  beaches  or  dunes,  because  this 
^V  we  daily  witness.     Therefoa'e  if  these  lakes  or  pooJs  were  gra- 
dually filled  up,  and  a  change  took  place  in  llie  action  of  the 
sea  on  tlie  same  coast,  so  that  it  proceeded  to  cut  away  the 
beach  or  dunes  which  it  once  accumulated,  we  shoukl  liave 
peaty  matter  protruding  through  the  beach,  and  even  extend- 
ing beneath  the  level  of  the  sea.     If,  however,  we  consider 
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the  relative  level  of  the  sea  and  limd  to  have  remained  coi»- 
slant,  there  is  a  difficuhy  in  coiiceivinp;  the  growth  of  certain 
firs  nnd  other  trees,  not  beirift  marsh  plants,  in  situation!) 
which  could  have  received  no  drainage  at  any  time  of  tide;  tlie 
levels  being  in  fact  so  much  against  such  a  tirainnge,  that  e%"en 
the  level  of  low-water  was  higher  than  that  of  the  situations 
where  the  firs  and  oaks  grew.  Of  a  similar  growth  we  have 
now  no  examples;  indeed  it  supposes  a  change  in  the  nature  of 
some  of  the  platils  discovered  in  the  submarine  forests. 

We  may  probahly  aptiroximate  nearer  to  tlie  truth  by  partly 
admitting  both  explanntiuns,  the  one  for  the  accumulation  of 
the  vegetable  mutter,  the  otijer  for  its  occurrence  at  the  pre- 
sent levels  of  sea  and  land.  The  vegetable  matter  might 
easily  have  been  [iroduced  by  the  gradual  filling  up  of  pools 
or  lakes,  if  we  suppose  the  ]>rocess  to  have  been  so  far  ad- 
vanced when  the  firs  and  oaks  appeared,  that  the  gronnti 
was  no  longer  beneath  a  shallow  lake  ur  marsh,  but  was  such 
as  usually  supports  the  growth  of  these  and  other  trees  of  si- 
milar habitats.  This,  however,  supposes  a  sufficient  drainage, 
and  by  no  means  a  state  of  levels,  such  as  is  now  often  seen, 
in  which  the  planes  of  the  stumps  and  roots  of  firs  and  oaks 
are  several  feet  beneath  the  present  level  of  lov:~'£alcr.  To 
account  for  this  in  such  situations  a  change  in  the  relative  level 
of  sea  and  land  seems  requisite,  bringing  either  the  Itiwer 
ends  of  extensi%'e  and  inclined  woody  plains,  or  accumulations 
of  vegetable  matter  behind  banks  and  dunes,  into  the  action  of 
the  breakers,  and  even  beneath  low-wsiter  mark.  Such  a 
change  is  in  accordance  with  general  geological  }iha;nomena; 
it  is  one  now  frequently  taking  ]ilace  in  various  parts  of  the 
globe,  and  has  been  exceedingly  common  during  the  formation 
of  a  large  portion  of  the  earth's  crust,  as  numerous  facts  suffi- 
ciently attest. 

The  above  details  arc  perhaps  too  copious  for  the  plan  of 
this  volume;  but  il  seemed  important  to  show  that  changes  in 
the  relative  levels  ol"  the  ocean  and  land  had  taken  place  round 
our  own  shores  at  such  geologically  recent  times,  more  parti- 
cularly as  it  will  be  attempted  to  prove  beneath,  that  at  least 
a  partial  difference  of  levels  on  our  southern  shores,  of  quite  a 
contrary  kind,  has  preceded  it. 

Raised  Beaches  and  Masses  nf  Shells. 

At  Plymouth  and  the  neighbouring  coast  there  are  the  re- 
mains of^a  beach,  of  which  the  maximum  eleiiation  is  ab<nn 
thirty  feet  above  high-water  mark,,  sloping  gradually  to  the 
sea  •.     The  tbllowing  is  a  section  at  the  Hoe. 

•  Professor  Sedgwick  iiifornii  me  that  the  Rev.  R.  ficnnah  pointed  out 
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Upon  the  grauwacke  limestone  beds  d  <^,  which  dip  at  a 
considerable  angle  soulhwurds^  rests  an  accumulation,  c»  of] 
rounded  pebbles  anil  sand,  with  fiere  and  there  a  larger  and , 
angular  piece  of  limestone  intermixed.      The  accunjulation  i 
has  every  appearance  of  a  sea-beach  raised  above  ihe  present  | 
Jevel  of  the  sea  i,  and  live  shingles  and  sand  are  so  arranged 
hat  the  resemblance  is  quite  perfect,  more  particularly  when 
shells  are  fuiind  in  it*.     The  shingles  consist  of  limestone, 
slate,  red  sandstone,  reddish  porphyry  (which  occurs,  in  place, 
in  another  part  of  Plymouth   Sound),  and  of  various  rocks 
that  form  part  of  the  grauwacke  series  of  the  neighbourliood. , 
llie  section  annexed  i:^    exposet!  by  blasting  the  rock,  the' 
limestone  being  taken  away  in  great  cjuanlities.     It  will  be  ob- 1 
served  that  the  beach,  c,  did  not  extend  to^  which  seems 
formerly  to  have  been  a  cliff,  in  the  same  manner  as  the  pre-'< 
sent  beach  is  backed  by  a  low  clifl".     The  beach  and  part  of  J 
the  limestone  hill  are  covered  by  a  gravel  or  loose  breccia  of 
angular  limestone  fragments)  au'y  which  clearly  have  not  re- 1 
ceived  attrition  from  the  action  of  water  upon  them.     This'; 
circumstance  seems  to  afford  us  a  relative  date  for  the  beach, 
as  the  reader  will  recollect  that  under  the  head  of  degradatioai 
of  land  it  was  observed  that  the  whole  of  this  part  of  Devon  | 
afforded  a  superficial  detritus  of  the  rocks  beneath.    Now  the 
angular  pieces  of  limestone,  o,  are  derived  from  the  hill  above, 
na  have  slipped  by  the  force  of  gi'avlty,  assisted  by  meteoric 
causes,  over  the  beach  c,  as  they  have  also  fallen  into  the  ca- 
|\ity  a',  which  being  above  the  old  beach  c,  does  not  contain- 
[either  pebbles  or  sand,  but  is  precisely  similar  to  those  clefts 
[in  the  Oreston  cjuarries  near  Plymouth,  where  the  remains  of 
elephants,  rhinoceroses  and  other  animals,  occur  beneatli  frag- 
ments of  the  same  kind.     It  therefore  seems  Jiiir  to  infer  that 
!lhe  beach  was  raised  during  the  existence  of  these  animals,  and 
previous  to  that  h)ug  period  of  time,  during  which  the  action 
of  the  atmosphere  slowly,  though  considerably,  destroyed  the 
tlii«  beach  to  him  several  yeanaince;  and  Mr.  Hcnnah  lias  noticud  it  in  lii» 
account  of  the  Plymwitli  fliiiestoiieg. 

[  wa.*  only  fortuiiaip  enough  to  see  fragments,  and  these  apparently 
consisted  of  pit'ct's  oi  Paltllce  and  «ma1I  Neritct,  the  latter  with  their  coluiirs 
jweserved,  and  ie«erHhliii{^  tliosc  imw  foiiiid  on  the  coaRt ;  hut  umn y  hun- 
dreds were  rimiid  in  a  cavity  ul'  the  liuiestoiii-  lilled  with  miud  and  thrown 
away  hy  the  quarry -men.  Beneath  the  citadel  the  sand  i»  composed  of  friig- 
nients  of  shcJU. 
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surface  of  the  hills.  It  seems,  moreover,  to  show  a  contigo- 
rntion  of  land  in  the  vicinity  not  very  different  from  that  which 
now  exists.  This  view  is  strengthened  by  a  minute  examina- 
tion of  tlie  coastt  from  hence  towards  Tor  Bay,  along  which, 
similar  ap|>earances  may  here  ami  there  be  seen  ;  but  it  must 
be  eviilent  that  this  will  depend  upon  the  quantity  of  cliff  cut 
back  by  the  sea  at  its  present  luvel,  as  will  be  seen  by  the  an- 
nexed diagram. 


Fig.  24. 
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Thus,  if  a  fl  represent  the  angular  detritus  derived  from  the 
slate  rock  d  d,  which  rises  into  a  high  hiil  behind,  and  b  an 
ancient  beach  now  ruiscd  above  ihii  level  of  liie  sea  e/,  and 
covered  by  tlie  detritus  a  o,  a  section  made  at  1  1  would  only 
show  the  detritusi;  another  made  at  2  2  would  only  expose  de- 
tritus or  slale,  the  bottom  ri.sing,  as  is  very  commonly  the 
case  on  sea-beaches  where  rocks  project  oinong  the  shingles, 
parlicuiarly  on  coasts  such  as  are  now  under  consideration. 
If  the  sea  cut  back  the  clifi'to  3  3,  we  should  have  such  a  sec- 
lion  as  that  at  the  Ht>e;  but  if  the  chff"  be  cut  to  4  4,  the 
whole  beach  is  removed,  and  no  traces  of  it  left.  This  is  pre- 
cisely what  happens  on  this  const,  wfiere  all  the  above  varie- 
ties are  observed.  Under  Moimt  EJgecutnbe,  near  Plymouth, 
the  rolled  sliirigles  are  covered  by  fragments  of  slate  and  red 
sandstone.  At  Staiklon  Point,  sand  is  covered  by  compact 
red  sandstone  fragments.  Further  south,  on  the  eastern  side 
of  liie  Sound,  and  nearly  opposite  the  Shag  Rock,  there  is 
the  following  section,  which  may  or  may  not  be  ancient  beacQ 
covered  witli  detritus:  c,  the  main 
rock  of  argillaceous  and  arenaceous 
schist;  i,  detritus,  some  of  which  ap- 
proaches a  sandy  earth,  mixed  with 
smalt  pieces  of  s!ate  rarely  exceeding 
the  size  of  a  shilling  or  sixpence;  a,  detritus,  composed  of 
angular  pieces  of  schist  and  sandstone  of  the  size  of  an  egg  and 
upwards,  mixed  with  others  of  smaller  dimensions. 

This  change  in  the  relative  level  of  sea  and  land  is  not  coi 
fined   to  the  coast  above  mentioned,  for  Mr.  Fox  notices  ai 
horizontal  bed  of  rolled  cjuartx  pebbles,  gravel,  anil  sand,  pre- 
cisely similar  to  llial  of  the  iteighbouring  coast,  as  occurring 
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between  Falmouth  and  Helfbrd.  Tliis  bed  does  not  exleii(l( 
far  into  the  clifli  is  generally  nine  or  twelve  feet  nbuve  hi<i;h- 
water  mark,  and  extends  for  a  distance  of  about  lour  miles^j 
its  continuity  being  interrupted  in  those  places  where  solid  rod 
cliffs  alone  constitute  the  coa&t.  It  would  appear  that  this  beach 
is  also  covered  with  detritus,  whether  angular  or.  roundeil  ig j 
not  stated*.  From  the  obHervntions  of  Dr.  Boase,  traces  ol 
elevated  beaches  are  observable  in  several  other  situations  on 
the  coasts  of  Cornwall,  as  well  on  the  north  as  the  south.  He 
particularly  notices  the  granitic  pebbles  and  boulders  on  the 
shores  of  the  Land's  Etui  district  (described  by  Mr.  Carne), 
and  the  beds  of  gr'iivel  and  sand  at  Fistrai  and  Gerran's  Hay. 
The  maximum  height  of  ilie  former  beach  is  estimated  at  fifty 
feet.  The  lower  parts  of  these  beaches  sometimes  touch  the 
sea,  while  at  others  they  are  seen  on  the  clilfs,  high  above  its 
present  level,  resting  on  the  rocks  of  the  coast  f. 

From  the  apparent  date  of  the  elevated  Plymouth  beach, 
tills  notice  might  j)erliops  have  been  more  in  its  place  in  the 
next  section,  but  it  is  so  intimately  connected  with  ilie  subject 
of  the  alternate  rise  and  fall  of  l.tnd,  that  it  .seemed  better  to 
let  it  follow  the  notice  of  submarine  Ibresls.  The  conclusions 
from  both  phenomena,  which  should  by  no  means  be  hastily 
generalized,  but  confined  for  the  present  to  the  places  noticed, 
vould  seem  to  be;  —  1.  A  configuration  of  land  not  greatly 
iliffering  from  the  present,  when  elephants  and  rhinoceroses, 
ferhajis,  exisletl  in  this  climate.  2.  The  beach  elevated. 
S.  A  considerable  but  quiet  destruction  of  the  surface  of  the 
hills,  covering  over  the  ancient  beach,  the  general  shape  of 
the  hills  and  valleys  being  not  very  different  from  those  we 
now  see.  4.  A  depression  of  the  land,  submerging  woods 
and  forests,  and  bringing  the  detritus  of  epoch  3  into  destruc- 
tive contact  with  the  sea,  from  whicli  it  was  in  a  great  measure 
previously  protected  by  the  usual  slojies  and  beaches :  and, 
5.  The  changes  effected  since  the  establishment  of  the  present 
relative  levels  of  sea  and  liind. 

Captain  Vetch  describes  six  or  seven  terraces  or  lines  of 
beach  on  the  Isle  of  Jura  in  the  Hebrides,  which  appear  to 
have  been  successively  raised  above  the  present  level  of  the 
ocean.  The  lowest  is  on  a  level  with  high-water,  the  most 
elevated  about  forty  feet  above  it.  The  terraces  or  beaches 
rest  partly  on  the  bare  rock,  and  partly  on  a  tliick  compound 
of  clay,  sand,  and  angular  pieces  of  cjtiartz.  Their  continuity 
is  here  and  there  interrupted  by  mountain  torrents,  or  the  ac- 


•  Fox,  Phil.  Mag.  and  Journ.  of  Science,  Dec.  1832. 
t  fioMM',  on   the  Geology   of  Cornwall,    Tmns.    Geol.  Soc.    Cornw.ill, 
voLlr. 
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tioii  of  the  sea  on  the  supporting  compound.     They  are  well 

breadth 


seen  at  Loch  TarberL 


negate 


^  K-anes  "ac- 

cording to  the  dis]]o<>ltion  of  the  ground  :  where  the  slope  is 
precipitous,  it  may  be  a  hundred  yards  ;  where  gcniie,  as  on 
the  north  sitle  of  the  loch,  three  quarters  of  a  mile  from  tlie 
shore."  These  terraces  or  beaches  are  formed  of  round 
smooth  white  fiieces  of  quartz,  of  the  size  of  cocoa-nuts.  They 
are  precisely  similar  to  those  which  constitute  the  present 
beach  of  the  Atlantic  on  ibis  side  of  the  islniul,  and  from  their 
forms  they  must  have  been  produced  by  the  united  action  of 
tides  and  waves.  Captain  Vetch  niciitious,  in  confinnalion  of 
this  opinion,  that  a  series  of  caves  is  to  be  found  on  the  same 
level  along  the  north  side  of  Loch  Tarbert,  at  a  consitleruble 
height  above  the  sea ;  and  as  he  never  observed  any  caverns 
formed  in  the  qunrtz  rock  of  Ishi,  Jnra,  and  Fair  Island,  ex- 
cept those  on  the  sea  shore,  he  considers  tliese  to  have  been 
thus  produced*. 

M.  Brongntart  describes  a  singular  accumulation  of  shells, 
precisely  similar  to  those  which  exist  iji  the  ncigiibouring  sea, 
at  Uddevalia,  in  Sweden.  Their  abunthuice  i.s  very  consi- 
derable, for  they  have  been  long  employed  on  the  roads  ;  they 
are  nearly  free  from  any  earthy  mixture,  and  though  many 
are  broken,  there  are  numbers  entire.  The  largest  mass  rises 
among  gneiss  rocks,  to  the  height  of  sixty-six  metres  above 
the  level  of  the  sea.  This  author,  considering  that  he  might 
find  traces  of  the  former  residence  of  the  sea  upon  the  funda- 
mental rock,  gneiss,  searched  around  with  considerable  atten- 
tion, and  was  rewarded  by  the  discovery  of  Balani  still  atl- 
hering  to  the  rocks  on  which  they  grew,  now  become  the  sum- 
mit of  a  hill.  MM.  Berzelius,  Wohler,  and  Ad.  Brongniart, 
were  present  at  this  discovery  f. 

At  Nice  the  sub-lbssils  of  St.  Hospice  have  long  attracted 
attention  ;  they  correspond  with  the  present  inhabitants  of  the 
Mediterranean,  and  often  retain  their  colours,  though  they 
are  generally  hhuiched.  Of  these  shells  M.  Kisso  has  given  a 
long  list|.  From  personal  observation,  I  have  little  doubt 
that  the  whole  has  been  raised,  in  conijiaratively  recent  tintes^ 
above  the  present  level  of  the  Mediterranean.  Beneath  Baussi 
Raussi,  a  neighbouring  cliflf,  and  from  thence  to  the  principal 
deposit  of  siib-lbssil  shells,  tliere  is  apparent  evidence  of  a 
raised  beach,  the  pebbles  lieing  rounded,  and  intermixed  with 
sand,  in  which  shells  similar  to  those  now  existing  in  the 


•  Vetch,  GpoI.  Trajis.  2nd  nerics,  vol.  i. 

+  I5rongni(irt,  Tiilileau  de»  Terraiiiii  qui  composent  TEc 
p.  »!).  For  a  lift  of  lliu  shells  found,  crmsult  lli&inger,  Ksf^ui: 
de»  Petrifications  do  la  Svi-dp,  Kd.  2inc,  SlockUolm,  l&il, 

\  Hist.  Nnt.  df  I'Eurupe  Mcridionuk. 
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eighbouring  sea  are  discovered.  Indeed,  between  tlie  penin- 
sula of  tSt.  Hospice  and  the  cliff  above  mentioned,   the  old 

ach  much  resembles  ihnt  near  Plymouth,  witli  the  exce]j- 
tion  that  the  latter  has  been  higher  raised*.  The  ulevatiun 
ear  Nice  must  have  taken  place  after  the  land  had,  in  a  great 
l^neasure,  received  its  present  configuration. 

M.  de  la  Marmora  presents  us  with  a  very  interesting  ac- 
LCOunt  of  a  bed  containing  snl>rossil  shells  and  the  remains  of 

iftrse  pottery  in  Sardinia,  which  would  appear  nut  only  to 
onie  tinder  the  head  ofu  rai^ied  beach,  Init  aUo  of  the  bottom 
of  a  shallow  sea  connected  with  it.  Where  most  distant  from 
the  present  sea-coast,  and  consequently  where  it  most  probably 
constituted  the  shores  of  the  ancient  coast,  before  the  elevation 
of  the  land,  or  the  depression  of  the  sea-level,  the  bed  is  earthy 
and  ferruginous,  and  contains  the  remains  of  terrestrial,  fluvi- 
atile,  and  marine  shells,  mixed  with  iVagnieuls  of  coarse  pot- 
tery;— a  slate  of  things  we  should  exjx^ct  on  an  inliabittd 
coast,  particularly  of  a  nearly  tideless  sen,  such  as  the  Medi- 
terranean. Where  nearest  the  sea,  and  where  we  may  con- 
sequently consider  it  to  have  been  formerly  beneath  the  sea, 
(for  the  bed  rises  gradually  intanil  ,  this  bed  is  formed  of  a 
calcnreons  sandstone,  the  pottery  disappear*,  and  Cerilhia  and 
LiiciniC  become  more  rare.  On  thu  N.W.  of  Cngliari,  where 
the  bed  rises  about  150  feet  above  the  present  level  of  the 
Mediterranean,  and  is  there  about  a  mile  and  a  quarter  distant 
from  the  seu,  oysters  {Ostrea  edulis)  are  found  ailhering  to  the 
rock  upon  which  they  evidently  grew.  The  sub-fossil  shells 
are  of  the  same  species  with  the  sliells  now  living  on  the  same 
shores,  and  are  described  as  in  a  good  state  of  preservation. 
Among  the  pottery,  M.  de  la  Marmora  discovered,  on  the 
N.W.  of  Cagliari,  a  round  ball  of  baked  earth,  about  the 
size  of  an  apple,  with  a  hole  in  the  centre,  as  if  to  pass  a 
cord  through.  This  ball  M.  de  la  Marmora  consiilers  may 
Jiave  belonged  to  fishermen  to  whom  the  use  of  lead  was 
unknown,  fishermen  wlvo  followeil  their  calling  before  the 
change  of  level  was  effected  which  converted  the  bottom  of  a 
shallow  sea  into  dry  land+.  We  here  appear  to  have  an  ex- 
ample of  an  elevation  of  land,  or  a  depression  of  the  sea-level, 
in  this  part  of  the  Mediterranean,  alter  llie  island  of  iiardintu 
Was  inhabited  by  man.  If  M.  de  la  Marmora  be  correct  in 
considering  that  he  can  identify  similar  beds  on  the  shores  of 


*  For  a  more  detailed  de»cription  of  thc4e  localities,  with  a  view  and' a 
Kction  of  Buussi  Raussi  cliff,  ace  my  paper  in  the  Geological  TnnBactionSt 
»ol.  iii.  2nd  lerics. 

t  Dc  la  Marmora,  Joumnl  de  Gf'olopio,  torn.  iii. 
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Tascany,  of  the  Roman  States,  and  of  Sicily*,  the  change  of 
level  would  apfjear  not  to  have  been  altogether  local. 

M.  Hoblaye  notices  various  lines  of  worn  rock  on  the  lime- 
stones of  Greece  (similar  to  the  lines  now  produced  by  the 
action  of  the  waves  on  tlie  coasts  of  the  snme  country),  raised 
at  various  heights  above  the  present  level  of  the  Mediterranean. 
He  also  points  out  the  existence  of  small  horizontal  terraces, 
and  lines  of  holes  drilled  by  perforating  shells  ; — circumstances 
which  M.  Boblaye  attributes  to  successive  elevations  of  the 
land  above  the  level  of  the  sea.  A  littoral  cavern,  near  Na- 
poli  di  Romania,  contains  a  breccia  referrible  to  the  present 
epoch,  for  it  contains  fragments  of  antique  pottery.  This  ca- 
vern has  apparently  been  raised  five  or  six  yards  above  the 
present  level  of  the  Mediterranean-^. 

It  has  been  previously  observed,  that  on  the  west  coast  of 
South  America  a  beach  was  raised  during  the  earthquake  of 
1822,  and  there  were  evidences  of  former  beaches  having 
been  so  elevated.  M.  Lesson  also  observed  at  Conception, 
more  southerly  on  the  same  coast,  banks  of  shells,  correspond- 
ing with  those  of  the  neighbouring  sea,  now  dry  and  raised 
above  it$. 

It  is  almost  impossible  not  to  remark  in  these  raised  beaches 
and  sea  beds,  the  action  of  the  same  forces  which  have  been 
noticed  under  the  heud  of  Eartli  quakes.  The  land  has  been 
liable  to  rise  and  tall  at  various  epochs,  as  will  be  seen  in  the 
sequel;  the  intensity  of  the  force,  producing  these  changeti, 
varying  materially.  It  is  exceedingly  difficult  to  assign  dates 
to  tlie  Plymouth  raised  beach,  to  the  shells  at  Udtlcvalla,  and 
to  the  other  similar  appearances  above  noticed  ;  but  we  learn 
from  them,  that  since  the  estabUshment  of  animal  life,  such  as 
we  now  observe  it,  the  relative  levels  of  the  sea  and  land  have 
been  liable  to  change,  as  they  have  been  previously  to  diis 
period,  and,  referring  to  the  Temple  of  Serapis,  near  Naples, 
as  they  have  been  even  since  man  has  erected  his  temples  and 
other  works  of  art§. 

*  M.  dc  la  Marmora,  carefully  distingxiiaheB  the  sandstone  from  the  roA 
daily  fonuing  at  Messina. 

f  Boblaye,  Joumai  dc  G^ologie,  totii.  iii. 

X  BrongniiirtT  Tab.  dea  Tcr.  qui  C0mposent  FEcoTce  du  Globe,  p.  92. 

4  For  a  detailed  account  of  the  geological  Qpi>earancea  coiiuecte^d  with 
the  celebrated  Temple  of  Serapis,  at  Puzzuwli,  near  Naples,  consult  Lyell'a 
Principle*  of  Geology,  vol.  i.  The  rise  and  fall  of  land  seem  to  have  been 
89  follows:  1.  After  the  original  huilding  of  the  temple,  a  sinking  of  the 
land,  and  a  covering  of  the  lower  part  of  the  coliimtia,  so  that  t)ic  boring 
sheJl  {LithodomwJi)  only  attacked  them  abuut  twelve  feet  above  their  pedes- 
tals. The  height  to  which  the  Bhells  ha^e  bored  is  also  about  twelve  feet; 
therefore  the  cotutunA,  without  being  overthrown,  were  certainly  lowered  to 
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These  will  necessarily  consist  of  existing  aniinals,  but  may 
,*lso  include  some  no  longer  found  in  a  living  slate.     Man  nolr| 
only  greatly  modifies  the  present  surface  oithe  land,  by  de- 
istroying  tracts  of  forests,  preventing  the  inundations  of  low 
Jcminlries,   turning  torrents,   and  directing  tlie  surface-water; 
through   inuumerable  channels  to  satisfy  his  own  wants  and ! 
jnveniences,  but  he  also  drives  all  animals  before  him  which  i 
[do  not  suit  his  purposes;  thus  circumscribing  the  domain  of^ 
[those  which  are  not  useful  to  him,  wliile  he  covers  the  country 
I  with  those  tliat  are,  and  which  never  could  exist  iu  such  num- 
i.l)ers  but  for  his  care  and  protection.     Consequently  all  terres- 
Urial  remains  would  correspond  with  the  increasing  power  of  i 
lan,  and  therefore  a  very  different  suite  of  such  remains  would  i 
Je  now  entombed,  than  when   his  power  was  more  limited. 
lOver  the  inhabitants  of  the  waters  he  would  exercise  little 
)ntrol,  excepting  in  rivers,  small  lakes,  and  round  some 
^Coasts. 

One  very  material  difference  would  be  effected  in  the  quan- 
ftity  of  trees  and  shrubs  transported  to  the  sea,  more  particu- 
larly in  the  temperate  and  colder  regions,  where  man  requires 
wood,  not  only  for  the  purposes  of  various  constructions,  but 
also  for  fuel.     We  see  in  the  delta  of  the  Mississippi  that  au 
[abundance  of  wood  is  now  transported  there  by  the  river,  but 
lis  will  daily  diminish  as  man  converts  the  forests,  wlience  it 
derived,  into  pastures  and  corn-fields. 
The  gigrtiuic  animal  Cervtis  gigauteus,  commonly  known  as 
lie  Irish  Elk,  was  once  imagined  to  liave  existed  only  at  an 
joch  anterior  to  man,  but  it  is  now  considered  that  he  was 
-existent  witli  him;  allhoiigli  this  by  no  means  proves  tliat 
did  not  live  upon  the  eartli  previous  also  to  him,  as  seems 
|1|d  have  been  the  case.     We  have  no  great  certainty  when  the 
Mastodons  of  North  America  ceased  to  exist;  it  is  commonly 
supposed  that  they  became  extinct  previous  lo  the  commence- 
ment of  the  modern  group,  but  of  this  we  have  no  good  proof. 
The  same  may  be  said  of  some  other  animals. 
I     The  Dodo  seems  lo  afford  us  an  example  of  the  extinction 
'of  an  animal  in  comparatively  recent  times;  for  it  is  now  al- 
most certain  that  this  curious  bird  existed  on  the  isle  of  Mau- 
ritius, during  tlie  voyages  of  the  early  navigators  to  the  East 


^^^■w  I 


d«pt]i  of  twenty-four  feet  above  their  pedestals  in  water.     2.  Klovntion 

the  temple,  still  standing,  above  the  level  of  the  sea,  or  nearly  so,  for  the 

pavement  u  not  flooded  to  any  considerable  depth,  not  more  tbaii  about  one 
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Indies.  The  relative  antiquity,  therefore,  of  animals  whose 
remains  are  only  now  found  entombed,  must  not  be  too  hastily 
inferred.  The  bone  of  the  wolf  is  that  of  an  extinct  animal, 
as  far  as  the  British  islands  are  concerned.  In  the  darkness 
of  ages  many  animals  may  have  perished,  not  a  tradition  of 
whose  existence  remains,  not  only  from  the  advance  of  man, 
and  the  power  which  civilization  affords  him,  but  also  from  the 
destruction  caused  by  predaceous  animals, — though  the  latter 
is  not  so  probable  as  the  former. 
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Section  III. 

ERRATIC  BLOCK  GROUP. 

Etralic  Blocks  and  Gravel* 

'^E  must  impress  upon  the  geological  student  the  necessity  i 
isidering  this  group  as  simply  one  of  convenience,  formed! 
nsionally  tor  the  purpose  of  presenting  certain  pluenomena  j 
ffo  his  attention,  which  in  the  present  state  of  science  could 
Hot  so  easily  he  done  under  any  other  head.     The  origin  of 
the  various  transported  gravels,  sands,  blocks  of  rocks,   and 

I  other  mineral  substances  scattered  over  hills,  plains,  and  on 
the  bottoms  of  vaileys,  often  referred  to  one  epoch,  may  be- 
long to  several.     In  a  word,  all  that  transported  matter  com- 
monly termed  Diluvium,  retjuires  severe  and  detailed  exami- 
nation.    At  the  present  time,  there  would  appear  to  be  three 
principal  of>inions  connectet!  with  the  subject.    One,  supposing 
the  transport  to  have  been  eflected  at  one  and  the  same  period; 
— another,  that  several  catastrophes  have  produced  these  su- 
perficial gravels; — while  a  third  would  seem  to  refer  them  to 
a  long  continuance  of  the  same  intensity  of  natural  forces  as, 
that  which  we  now  witness.     Perhaps  these  various  opinions  | 
inav  arise  from   our  present  inadequate   knowledge   of  the  i 
phcenomena  on  whicli  we  attempt  to  reason,  and  probably  also^ 
from  premature  generalizations  of  local  facts.     These  difierent  j 
opinions,  though  they  cannot  each  be  correct  in  explanation 
of  all  the  observed  facts,  may  each  be  so  in  part;  and  it  were 
to  be  wished  that  the  plurnomena  here  arranged  under  one 
head  solely,  as  above  stated,  for  convenience,  were  examined 
without  the  control  of  a  preconceived  theory. 

»At  the  close  of  the  last  section,  a  local  elevation  of  land 
was  noticed,  of  somewhat  difficult  arrangement  in  our  systems. 
In  order  to  illustrate  the  changes  wliicli  have  taken  place  in 
the  same  district,  without,  however,  attempting  to  oonsitler 
such  appearances  as  general,  I  shall  continue  the  descrijition 
of  it.  At  Oresttm  quarries,  Plymouth,  clefts  and  caverns  in 
^■limestone  rocks  have  afforded  numerous  remains  of  tlie  ele- 
phant, rhinoceros,  bear,  ox,  horse,  deer,  &c-  buried,  more 
particularly  in  the  case  of  clefts,  beneath  considerable  angular 
masses  and  smaller  fragments  of  limestone.  In  one  instance 
which  I  noticed,  the  animal  remains  occurred  beneath  ninety 
feet  of  such  accumulations,  the  bones  and  teeth  being  confined 
to  a  black  clay  under  the  fragments.     The  remains  of  bears, 
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rhinoceroses,  Iiyirnas,  nnd  other  animals  contained  in  the 
JebialeJ  Kent's  Hole,  near  TorqiuiVi  helonjf  to  the  >ianie  di 
trict.  In  llie  stiperficiul  gravel  ol'  llits  pjxrt  of  the  country, 
ihe  remains  o(  animals,  of  the  same  kinil  us  those  detected  in 
the  caverns,  have  not  yet  been  discovered ;  but  if  we  continue 
our  researches  eastwnrd,  we  shall  find  tliem  in  the  valleys  of 
Chiirmouth  and  Lyme*,  where  they  occur  in  situations  which 
would  appear  anterior  to  the  great  weathering,  if  I  may  so  ex- 
press myself,  of  the  circumjacent  hills:  thus  apparently  giving 
these  remains  of  elephants  and  rhinoceroses  the  same  relative 
antiquity  as  those  beneath  fragments  in  the  clefts  of  rocks  near 
Plymouth,  atu!  [irolmbly  also  as  those  contained  in  the  caverns 
at  the  -same  place,  anil  in  Kent's  IloSe.  Now  the  raised  beach 
in  Plymouth  .Sound  seems  toafioril  evidence  of  a  configuration 
of  lantl  not  widely  different,  in  that  place,  from  the  present, 
nnd  therefore  we  ma_v  perliaps  infer  the  existence  of  inequali* 
ties  in  the  land,  or  hill  and  dale,  in  this  district  gencrnlly,  not 
widely  dilferent  from  those  we  now  observe.  It  will  be  re- 
marked that  the  animal  remains  which  seem  to  imply  a  warmer 
climate  existing  at  that  time  than  al  present,  occur  iu  low 
grounds,  fissures,  and  caves.  Upon  the  former  they  may  have 
lived,  and  into  the  two  latter  thej'  may  have  either  fallen  or 
been  dragged  by  beasts  of  prey.  The  elephants  probably 
browsing  on  branches  and  herbage,  rhinoceroses  preferring 
low  grounds,  the  Iwars  and  hyivnas  inhabiting  caves,  and  l!»€ 
deer,  the  ox,  and  the  horse,  ranging  through  the  forest  and 
the  plain ;  all  which  supposes  land  fitted  for  them,  anil  therefore 
hill  and  da!e,  level  plains  and  rocky  escarpments  ivitii  open  ca- 
verns. Consequently  valleys  were  scoopeil  out  previous  to  the 
existence  of  the  elephants ;  and  if  a  mass  of  waters  acted  on  the 
land,  destroying  these  animals,  it  must  have  been  influenced  in 
its  direction  by  the  previously  existing  inequalities  of  surface. 

The  next  cjuestion  may  be,  does  this  district  present  evi- 
dences of  the  exertion  of  a  greater  intensity  of  natural  force 
than  thai  which  we  now  observe?  The  answer  may  be,  that 
it  does.  The  whole  district  is  fractured,  or,  to  use  geological 
terms,  so  broken  into  faults  that  the  spaces  in  which,  with 
careful  examination,  they  may  not  be  detected,  are  very  in- 
considerable. 8uch  dislocations  may,  or  may  not,  have  been 
contemporaneous  with  the  raised  l>each.  Perhaps  they  were 
previous  to  it,  lor  there  has  evidently  been  a  very  considerable 
dispersion  of  rock  fragments,  and  this  apparently  by  water, 
which  would  have  scattered  such  a  beach  as  that  noticed  at 
Plymouth.     The  following  section  at  the  Warren  Point,  near 


•ecUous  ate  tliere  moru  clear  ami  leu  eijuiv-ocal. 


is  description,   became 


Fig.  26. 


Dawllsli,  Is  not  only  a  good  example  of  a  compounfl  fault,  but 
also  of  transiHjrled  gravel  upon  it. 

b  b,  conglomerates,  and  c  c,  sandstones 
of  the  red  sandstone  formation,  fractured 
or  broken  inio  faults  at  ^fj",  so  tluit  conti- 
nuous strata  are  displaced.  Upon  these 
fractured  strata  rests  a  gravel,  a  a,  com- 
pose<i  of  chalk  flints,  and  green  sand  chert, 
Diixed  with  a  few  pebbles  similar  to  tho!>e 
in  the  conglomerates  b  b.  It  has  evidently 
been  deposited  subsequent  to  the  fracture, 
for  it  rests  quietly  upon  it  and  is  uufrac- 
tured.  The  chalk  and  green  sand  of  this  district  have  once 
covered  very  considerable  spaces,  though  the  latter  is  now 
only  seen  on  Haldon  Hills;  near  this  section,  it  is  true,  but 
separated  from  it  by  an  intervening  valley.  There  are  many 
other  dislocations  so  covered  on  the  same  coast,  where  these 
Appearances  can  be  observed  with  the  greatest  ease,  particu- 
larly at  low  water. 

It  might  be  supposed  that  these  flints  and  pieces  of  chert 
were  merely  the  remains  of  superincumbent  masses  of  chalk 
And  green  sand,  which  have  been  destroyed  by  meteoric  agents, 
tlie  harder  parts  falling  down  on  the  top  of  the  fracture.  We 
can  scarcely  consider  this  physically  probable,  if  even  possible; 
for  it  supposes  the  removal  of  more  than  600  feet  of  sandstone 
and  conglomerate  (for  not  until  that  height  above  this  section 
would  the  green  sand  and  chalk  come  on),  without  scarcely 
leaving  any  of  the  pebbles,  or  large  masses  of  the  red  con- 
glomerate, while  the  flints  and  cherts,  which  belonged  to  up- 
per, and  consequently  first  destroj-ed  rocks,  remain. 

Let  us  now  consider  another  class  of  appearances.  Over 
the  whole  district,  wherever  transported  gravel  occurs,  the 
surface  of  the  rocks  (it  being  of  no  importance  what  they  hajj- 
pen  to  be,)  is  drilled  into  cavities  and  holes,  similar  to  those 
well  known  on  the  chalk  of  the  east  of  y\r.  27. 

England.     The  following  sections  will 
illustrate  this: 

(Fig.  21.)aanf  gravel,  principally  of 
flint  and  cheit,  resting  in  a  hollow  of 
the  retl  sandstone  b  i,  between  Teign- 
mouth  and  Dawlish,  the  lines  in  the 
gravel  fol  low  ing  the  outl  i  ne  ofthe  cavity. 

(Fig.  28.)  a  fl,  gravel  composed  in  a 
great  measure  of  flints,  among  which 
are  some  large  rounded  pieces  of  sili- 
ceous breccia  (the  same  as  that  which 
occurb  in  blocks  on  the  top  of  the  chalk  hills  near  Sidmoulb), 
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restinj^  in  cavities  in  the  pipe-clavi  near  Teijrn  Bridge,  wliich' 
coiistilules  a  part  of  the  IJovej  coal  rormalion,  and  which 
is  not,  as  hns  been  supposed,  contemporaneous  with  the  super- 
ficial transported  gravel. 

Other  examples  might  easily  be  adduced ;  but  these  are 
here  given,  because  the  geological  student  can  very  readilv^H 
observe  Uiem*.  Not,  however,  to  deceive  the  reader,  or  ond^H 
self,  by  any  attempt  to  overlook  diflicuktes,  or  to  render  any 
given  liypolljesis  plausible,  it  must  not  be  concealed,  that,  from 
certain  appearances  in  the  vicinity  of  Dawlish,  it  is  by  no 
means  impos.sible  some  of  these  gravels  may  be  of  contempo- 
raneous origin  with  the  Bovey  coal  deposit,  lo  be  noticed  in 
the  sequel.  The  phicnomena  may  therefore  be  explained  by 
the  action  of  water  moving  with  no  small  velocity,  (for  the 
transported  fragments  are  often  large,)  at  different  periods  of 
time,  not,  geologically,  far  removed  from  each  other.  In  ad- 
dition to  the  mere  transport  of  detritus,  we  have,  still  in  the 
same  country,  evidences  of  a  washing  of  the  rock  benealh,  by 
which  portions  of  it  are  mixed  with  the  transported  substances, 
anti  even,  in  fortunate  sections,  have  the  foise  appearance  of 
surmounting  the  transported  matter,  as  the  annexed  section 
of  the  cliff  near  Dawlish  well  illustrates. 

a  rt,  regenerated  red  sandstone;  b  b.  Fig.  29. 

gravel  composed  of  clutlk  fltnts,  chert, 
and  pebbles  derived  from  the  conglo- 
merate interstratified  with  the  red  sand- 
stone  c  f,  upon  which   it  rests.     To  a    c    \ 
person  unnccustotncd  to  geological  in- 
vestigations it   would  easily   be   imagined,  from  this  section 
alone,  that  the  flints  were  included  in  the  red  sandstone;  but 
the  true  arrangement  is  very  apparent,  even  if  the  stratification 
of  a  a  and  c  c  did  not  show  it;  for  the  section  is  entirely  for- 
tuitous, every  variety  being  observable  in  the  vicinity,  and  this 
merely  selectetl  as  an  extreme  case. 

Our  limits  uill  not  permit  greater  detail,  which  would  re- 
quire the  necessary  maps,  but  it  would  go  far  to  support  the 
supposition  that  masses  of  waters  had  passed  over  this  land. 
The  question  might  now  arise,  may  there  be  any  connexion 
between  the  masses  of  water  supposed  to  have  passed  over  the 
land,  and  the  fractures  or  faults  so  common?  In  answer  to 
this  it  may  be  replied,  that  such  a  supposition  is  not  incon- 
sistent with  possibilities  or  j>robubilities.  We  have  seen  that 
during  such  vibi'ations  and  companitively  small  dislocations 
of  the  earth's  surface  as  those  which  we  now  witness,  the  water 

•  The  same  motive  has  governed  me  in  the  gelection  of  lections  through- 
out tills  volume,  an  it  cannut  he  expected  that  the  student  should  »o  readily 
itbiervc  difficiiU  facta  as  th«  accouipliahed  geologit<(. 
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Dwn  into  movement,  nnti  breaks  with  greater  or  less  fury 
llie  land.  iStiil  coitHnin(r  our  attention  to  one  district,  it 
should  be  observed,  that  the  dislocations  are  Car  greater,  and 
the  faults,  evidently  produced  at  a  single  fnicture,  far  more 
considerable,  than  any  we  can  conceive  possible  from  modern 
earthquakes.  It  is  not,  therefore,  unphilosophical  to  infer, 
that  a  greater  force  causing  vibrations  and  fractures  of  the 
rocks  would  throw  a  greater  body  of  water  into  more  violent 
movement,  and  that  the  wave  or  waves  bursting  upon  the  land, 
lOr  acting  on  the  buttt>tn  at  comparatively  small  drplhs,  would 
liave  an  elevation,  and  a  destructive  sweeping  power,  propor- 
tioned to  the  disturbing  force  employed. 

The  next  question  that  will  arise  is,  are  there  any  other 
marks  of  masses  of  water  passing  over  the  land?  To  this  it 
may  be  replied,  that  the  forms  of  the  valleys  are  gentle  and 
rounded,  and  such  as  no  complication  of  meteoric  causes,  that 
ingenuity  can  imagine,  seems  capable  of  producing;  that  nu- 
merous valleys  occur  on  the  lines  of  faults  ;  and  that  the  de- 
tritus is  disjiersed  in  a  way  that  cannot  be  accounted  lor  by 
the  present  action  of  mere  atmospheric  waters.  I  will  more 
particularly  remark,  that  on  Great  Haldon  Hill,  about  800 
leet  above  the  sea,  pieces  of  rock,  which  must  have  been  de- 
rivetl  from  lower  levels,  occur  in  the  superficial  gravel.  Tfiey 
are  certainly  rare,  but  may  be  discovered  by  diligent  search. 
I  there  found  pieces  of  red  quanziferous  porphyry,  compact 
red  sandstone,  and  a  compact  siliceous  rock,  not  uncommon 
in  the  grauwacke  of  tlie  vicinity,  where  all  these  rocks  occur  at 
lower  levels  than  the  summit  of  Haldon,  and  where  certainly 
they  could  not  have  been  carrieil  by  rains  or  rivers,  unless  the 
latter  be  supposed  to  delight  in  running  up  hill. 

It  may  be  stated,  beibre  wc  tjuit  this  local  description,  that 
the  faults  do  not  all  range  in  one  direction,  though  east  and 
we«Jl  are  not  uncommon;  and  that  as  we  approach  the  Wey- 
mouth district,  this  direction  predominates.  Near  Weymouth 
there  is  one  east  and  west  lault,  fifteen  miles  of  which  can  be 
traced,  but  it  probably  extends  further,  for  it  enters  the  chalk 
on  the  cast,  anti  therefore  cannot  be  easily  observed,  while  it 
plunges  into  the  sea  on  the  west.  There  seems  also  every 
probability  that  these  Weymouth  faults  are  connected,  as  lias 
already  been  remarked  by  Prof.  Jluckland  and  myself  in  an- 
other place,  with  the  east  and  west  dislocations  through  the 
Isle  oi  Wight,  and  probably  also  with  the  east  and  west  up- 
raised, and  afterwards  denuded  country  of  the  Wealds  of 
Sussex*.     It  should  also  be  remarked,  that  the  accinnulations 

•  Mnny  Faults  in  the  liinckdown  Hills  range  N.  and  S.,  niid  i\rc  tliprcfore 
St  right  angles  to  ihe  Weymoiith^faiilt.'*,  from  which  they  arc  notfardLstBiit. 
Tliesc  aL*o  have  been  protluced  since  the  deposit  of  the  chatk,  and  probably 
■1m  of  the  plastic  clay. 
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of  gravel  are  often  most  considerable  on  the  eastern  sides  of 
the  valleys,  in  the  vicinity  of  Sidmouth  and  Lyme. 

Let  us  now  proceed  to  consider  to  what  extent  these  local 
facts  may  be  more  or  less  general.  To  begin  with  England. 
Lowland  valleys,  often  very  considerably  broader  than  those 
before  noticed,  and  therefore  more  favourable  to  the  supposi- 
tion of  moving  masses  of  water,  occur  very  generally;  for 
the  surface  composed  of  lowland  valleys  is  very  consiiierably 
greater  than  that  exhibiting  mountain  valleys,  though  both 
nave  been  modified  by  rivers  anti  other  agents  now  in  opera- 
tion. Over  these  valleys,  foreign  matter,  not  detritus  derived 
from  tlie  weathering  of  the  rocks  beneath,  is  variously  distri- 
buted. It  may  sometimes  be  possible,  with  the  aid  of  ingenu- 
ity, to  produce  a  case  of  transport  by  a  long  continuance  of 
such  natural  effects  as  are  now  seen,  but  in  other  situations 
such  explanations  seem  altogether  valueless  and  unphilosophi- 
cal.  In  like  manner  also  faults  covered  only  by  gravel  are 
common,  llie  lines  of  faults  being  frequently  lines  of  valley. 
I  would  by  no  means  infer  that  all  faults,  only  covered  by 
gravel,  have  been  contemporaneous ;  on  the  contrary,  it  seems 
only  reasonable  to  conclude,  that  faults  or  fractures  have  ac- 
companied every  great  convulsion,  and  that  as  these  have  been 
frequent,  so  faults  may  also  have  been  frequenL 

Not  only  are  gravels  brought  from  various  distances,  but 
even  huge  blocks,  the  transport  of  which  by  actual  causes  in- 
to their  present  situations  seems  physically  impossible.  Mr. 
Conybeare  has  remarked  on  the  great  accumulation  of  trans- 
ported gravel  in  midland  England,  more  particularly  at  the 
foot  of  the  inferior  oolite  escarpments  on  tlie  borders  of  Glou- 
cestershire, Northamptonshire,  and  Warwickshire,  and  ob- 
serves that  it  is  composed  of  such  various  materials  lliat  a 
nearly  complete  suite  of  English  geological  specimens  may 
there  be  obtained.  "  Portions  of  the  same  gravel  have  been 
swept  onwards  through  transverse  valleys  afFording  openings 
across  the  chains  of  the  oolite  and  chalk  hiits,  as  far  as  the 
plains  surrounding  the  metropolis;  but  the  principal  mass  of 
diluvial  gravel  in  tliis  latter  quarter  is  derived  from  the  partial 
destruction  of  the  neighbouring  chalk  hills,  consisting  of  flints 
washed  out  from  tlience,  and  subsequently  rounded  by  attri- 
tion *."  Mr.  Conybeare  also  notices  the  occurrence  of  great 
blocks  among  the  transported  rocks  of  Bagley  Wood,  Oxford- 
shire, as  also  the  presence  of  Bints  on  the  summits  of  the  Hath 
Downs.  Prof,  Auckland  mentions  that  he  found,  among  the 
transported  gravel  of  Durham,  twenty  varieties  of  slate  and 
greenstone,  which  do  not  occur,  in  place,  nearer  than  the  lake 
district  of  Cumberland.     He  also  notices  a  large  block  of 

•  Conybeare  and  Phillipa,  Outlines  of  tlie  Geology  of  England  and  Wales. 
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gmiiite  at  Darliiif»ton,  composed  of  ihe  same  granite  as  that 
of  Shap,  near  Penrith.  Blocks  ofthe  same  p[ranile  occur  in 
ll)e  valley  of  Stokesley,  and  in  the  bed  of  the  I'ees,  near  Bar- 
nard Castle.  Similar  blocks  are  also  found  on  the  elevated 
plain  of  Sedgefield»  near  Durham.  In  many  of  these  cases 
blocks  are  mixed  with  relied  pieces  of  various  kinds  of  green- 
stone and  porphyry,  probably  derived  from  Cumberland*. 

Prof.  Sedgwick  nolices  large  transported  boulders  on  parts 
of  the  Derbyshire  Chain,  which  overhang  the  great  plain  of 
Cheshire.  He  also  remarks  on  the  boulJers  accompanying 
the  transported  detritus  at  the  base  ofthe  Cumberland  moun- 
tains from  Staiumoor  to  Solway  Firth,  the  plain  bordering  the 
hilly  region  on  the  north  presenting  boulders  and  pebbles  that 
have  been  transported  across  the  Firth  from  Dumfriesshire. 
In  the  transported  rubbish  capping  a  hill  near  Hayton  Castle, 
about  four  miles  N.E.  of  Maryport,  there  are  large  granitic 
boulders  resembling  the  rocks  ofthe  Criffel.  "Among  them 
was  one  spheroidal  mass,  the  greatest  diameter  of  which  was 
ten  feet  and  a  half,  and  the  part  which  appeared  above  the 
ground  was  more  than  four  feet  high."  From  St.  Bees  Head 
to  the  southern  extremity  of  Cumberland,  the  coast  region  is 
covered  by  transported  tletritus,  among  which  are  boulders  of 
granite,  porphyry,  and  greenstone,  some  of  large  size.  In 
low  Furness  similar  phseiiomena  are  observable.  Prof.  Sedg- 
wick further  remarks,  that  large  blocks  derived  from  the  green- 
slate  district  are  found  on  the  granitic  hills  between  Bootle 
and  Eskdaie.  Millions  of  large  blocks  are  scattered  over  the 
bills  on  the  N.W.  boundary  ofthe  mountainous  region.  The 
•yenitic  blocks  of  Carrock-fell  can  be  traced  "  through  the 
valleys  and  over  the  liills  ofthe  mid  region,  to  the  very  foot  of 
the  parent  rock."  Numerous  boulders  of  the  Carrock  syenite 
rest  on  the  side  of  High  Pike;  the  largest,  termed  "The 
Golden  llock,"  being  twenty-one  feet  long,  ten  feet  high,  and 
nine  feet  wide.  Rolled  masses  of  St.  John's  Vale  porphyry 
•bound  near  Penruddock,  and  descend  the  valleys  (hence  into 
the  Eamont.  Rounded  boulders  of  Shap  granite  are  nume- 
rous on  the  calcareous  hills  south  of  Appleby;  some  being 
twelve  feet  in  diameter.  Rounded  blocks,  apparently  derived 
from  the  green-slate  at  the  head  of  Kentmere  and  Long  Sled- 
dale,  are  found  on  the  flat-toppctl  calcareous  hills  W.  of 
Kendal.  Prof.  Seiigwick  remarks  that  the  blocks  of  Shap 
granite,  which  cannot  be  confounded  with  other  rocks  in  the 
North  of  England,  are  not  only  drifted  over  the  hilis  near 
Appleby,  but  have  been  scattered  over  the  plain  of  the  new 
reid  sandstone;  rolled  over  the  great  central  chain  of  England 

•  Buckluid,  ReliquijQ  Diluviane. 
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into  the  plains  of  Yorkshire ;  imljetlcleci  in  the  transported  d 
iritus  of  the  Tees;  mui  even  carried  to  the  eastern  coast" 

By  comparing  these  statements  wilii  the  little  district  first 
noticed,  we  find  that  the  evidences  of  a  transporting  power  by 
water  are  far  greater  in  midland  and  northern  Eng;Iand  than  in 
Devon  and  Dorset,  the  gravel  having  been  carried  far  greater 
distances,  and  Imge  blocks  atided  to  the  transported  mass. 
How  far  these  gravels  may  be  contemporaneous  can  only  be 
determined  by  future  ami  exact  observation.  We  shall, 
therefore,  merely  confine  ourselves  to  a  detail  of  facts,  which 
must  be  taken  into  account  in  all  generalizations  on  this  sub- 
ject. Between  the  Thames  and  tlie  Tweed,  pebbles  and  even 
blocks  of  rock  are  discovered,  of  such  a  raineralogical  charac- 
ter, that  they  are  considered  as  derived  i'roni  Norway?  where 
similar  rocks  are  known  to  exist.  Mr.  Phillips  slates,  that 
the  accumulation,  at  present  termed  diluxHiim,  in  Holderness, 
on  the  coast  of  Yorkshire,  is  composed  of  a  biise  of  clay,  con- 
taining fragments  of  pre-existent  rocks,  varying  in  roundness 
and  size,  "The  rocks  from  which  the  fragments  appear  to 
have  been  transported  are  found,  some  in  Norway,  in  the 
Highlands  of  Scotland,  and  in  the  mountains  of  Cumberland; 
others,  in  the  north-western  and  western  parts  of  Yorkshire; 
antl  no  inconsiderable  jxirtion  appears  lo  have  come  from  the 
sea-coast  of  Durham,  and  the  neighbourhood  of  Whitby.  In 
proportion  to  tlie  distance  whicli  they  have  travelled,  is  the 
degree  of  roundness  which  they  have  ac(]uiredf." 

Patches  of  grave!  and  sand  ai'e  stated  lo  occur  in  t!ie  great 
mass  of  clay,  sometimes  amounting  to  considerable  accumula- 
tions. In  one  of  these,  at  Brandesburton,  the  remains  of  tlie 
fossil  elephant  were  detected. 

If,  quitting  England,  we  proceed  northwards  to  Scotland, 
there  are  evidences  of  a  similar  force  having  acted  in  that 
country:  and  Sir  James  Hall  even  considers  that  a  rush  over 
the  land  lias  left  traces  of  its  course  in  the  shape  of  furrows, 
which  the  Iransporteit  mineral  substances,  moving  with  great 
velocity,  have  cut  in  the  solid  rocks  beneath.  From  ihe  di- 
rection of  these  marks  Sir  James  Hall  infers  that  the  current 
bad  a  western  course  in  the  vicinity  of  Etiin burgh;}:.  Con- 
tinning  our  course  still  northwards,  the  evidence  of  a  transfwrt 
continues;  for  Dr.  Mihhert  found  fragments  of  rocks  at  Papa 
Stour,  Slietland  Isles,  which  must  have  travelled  twelve  miles 
from  Hillswick  Ness,  the  hitter  bearing  from  the  former,  N. 
47^  E.  He  also  remarks  on  the  large  blocks  near  the  man- 
sion of  Luima,  on  the  east  of  Shetland,  named  the  stones 

•  Si'dewick,  Ann.  of  Phil.  1.S25. 

\  Phillips,  Illustrations  of  the  (Icology  of  Yorkshire. 

J  Sir  James  Hull,  Trans.  Royal  Soc.  Edinburgli. 


Erratic  Blocks  and  Gravel.  1 89 

Stefis,  which  appear  to  have  been  removed  a  mile  or  morebj 

a  shock  from  llie  N.E.      The  same  author  mentions  many 

other  interesting  circumstances  :  among  others,  that  at  Soulam 

Voe,  open  to  the  Northern  Ocean,  there  are  boulders  about 

three  or  four  feet  high,  which  do  not  correspond  with  any 

[known  rock  in  the  coutitrvj  and  were  probably  derived  from 

[the  northward  *.     It  is  also  probable,  from  Landt's  notice, 

cited  by  Dr»  Hibbert>  that  similar  phaenomena  are  observable 

Lin  the  Feroe  Islands. 

The  probability  therefore,  as  far  as  the  above  facts  seem  to 
irarrant,  is,  that  masses  of  water  have  proceeded  from  north 
Ito  south  over  the  British  Isles,  moving  with  sufficient  velocity 
to  transport  fragments  of  rock  from  Norway  to  the  Shetland 
Isles  and  the  eastern  coast  of  Enj^land  ;  the  course  of  such 
masses  of  water  having  been  modified  and  obstructed  among 
the  valleys,  hills,  and  mumitains  which  they  encountered  ;  so 
that  various  minor  and  low  currents  having  been  produced, 
the  distribution  of  detritus  has  been  in  various  directions. 

If  the  supposition  of  masses  of  waters  having  passed  over 
Britain  be  founded  on  probability,  the  evidences  of  such  a  pas- 
sage or  passages  should  be  found  in  the  neighbouring  conti- 
nent of  Europe,  and  the  general  direction  of  the  transported 
substances  should  be  the  same.  Now  this  is  precisely  what 
we  do  find.  In  Sweden  and  Russia  large  blocks  of  rock  oc- 
cur in  great  numbers,  and  no  doubt  can  be  entertained  that 
I  they  have  been  transported  southward  from  the  north.  In 
Sweden,  the  transported  materials  were  observed  by  M. 
Brongniart  to  run  in  lines,  sometimes  uiosculatiug,  but  hav- 
[  ing  a  general  direction  north  and  south  f .  Similar  observations 
had  been  previously  (1819)  made  by  Count  Rasoumovski  on 
the  transported  blocks  of  Russia  and  Germany,  which,  having 
been  unknown  to  M.  Brongniart,  render  his  account  of  the 
Swedisii  blocks  the  more  valuable.  Count  Rasoumovski  ob- 
serves, that,  where  many  blocks  are  accumulated  they  form  pa- 
Irallel  lines,  with  a  direction  from  N.E.  to  S.W.  He  states  that 
the  erratic  blocks  are  very  numerous,  and  composed  of  Scan- 
dinavian rocks  between  St.  Petersburgh  and  Moscow;  and 
remarks,  that  in  some  places,  especially  in  Esthonia^  the  blocks 
Appear  and  disappear  at  greater  or  less  intervals,  apparently 
owing  to  the  form  of  the  land  at  the  time  of  their  transport; 
for  these  masses  are  discovered  where  escarpments  presented 
themselves,  while,  where  the  land  sloped  away,  or  became 
more  or  less  horizontal,  tltey  disappear ;  thus  seeming  to  show 
that  the  steep  escarjiments  caught  them  in  their  passage  on- 

•  Ilibbert,  Edin.  Journal  of  Science,  vol.  vii. 
t  Ann.  dci  Sci.  Nat.  1828. 
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vrmrdt.  Count  Rasoumovski  also  remarks  thnt  llie  blocks 
cur  abundantly  on  die  heights,  and  but  rarely»  or  thinly  sea 
tered,  over  the  lowlands  *.  Prof.  Piisch  obser\'es,  thnt  ibe 
erratic  blocks  from  the  Duna  to  the  Niemen  are  compose*!  of 
granite  resembling  that  of  V^'iborg  in  Finland ;  of  another 
granite,  with  Labrador  felspar  from  Ingria  ;  of  a  red  quartzose 
sandstone  from  the  shores  «f  Lake  Onega ;  and  of  a  transUton 
limestone  from  Eslhoniaand  Ingria,  In  Eastern  Prussia,  and 
in  that  part  of  Poland  situated  between  tlie  Vistula  and  the 
Niemen,  the  granitic  blocks  are  abundant:  three  varieties  of 

franite  are  the  same  as  those  found  in  Finland,  at  Al)o  and 
lolsinfors;  another  coarse-grained  granite  and  a  sienite  are 
also  from  the  norlh.  The  hornblende  blocks  of  the  same  coun- 
tries are  from  southern  and  central  Finland  ;  the  quartzoze 
blocks  are  exactly  the  same  as  the  rocks  named  FjullSandsteivy 
between  Sweden  and  Norway ;  and  the  porphyry  blocks  are 
of  the  same  mineralogical  character  as  the  porphyries  of  Elt- 
daJen  in  Swetlen.  "  From  Warsaw  to  the  west,  towards  Ka- 
lisch  and  Posen,  the  blocks  of  ihe  red  granite  of  Finland  di- 
minish in  number,  but  those  composed  of  hornblende  rocks 
and  gneiss  liecome  more  abundant,  as  is  aL^o  the  case  with 
those  of  porphyry.  Few  Finland  rocks  are  in  general  there 
found,  while  those  of  Sweden  are  common  1-."  A  great  quan- 
tity of  erratic  blocks  covers  the  plains  of  L^^pper  Silesia,  oc- 
curring chiefly  on  elevated  land,  even  attaining  the  height  of 
1000  leet  above  the  level  of  the  sea.  The  blocks  reach  the 
foot  of  the  Carpathian  mountains  between  Nicolai  and  Birdul- 
tau,  and  penetrate,  in  masses,  to  the  declivity  of  the  Moravo- 
Silesian  mountains.  Granite  blocks  of  extraordinary  mag- 
nitude occur  in  the  island  of  Gristow,  near  Camin.  The 
country  of  Oderberg  and  Liepe,  between  Lewenberg,  Dan- 
nenl>erg,  Straussberg,  and  Bukow  abound  in  large  granite 
b!ocks.  The  ranges  of  hills  are  often  so  thickly  covered  with 
them  that  cultivation  of  any  kind  is  impossible.  The  well- 
known  great  block  of  granite  (the  Markgrafen stein)  iVom  the 
Rauen  mountains  at  Fiirslenwnld,  has  been  cut  into  a  magni- 
ficent basin  22  feet  in  diameter.  Red  sandstones  are  so  com- 
mon in  some  tracts  between  Fiirstenwald  and  Trebus,  south 
of  Berlin,  that  it  might  be  supposed  the  red  sandstone  was  in 
place  in  the  vicinity.  Limestone  block?,  with  Trilobites  and 
Orthoceratites,  are  found  from  Mecklenberg  and  Pomerania, 
through  the  Marches,  to  Sorau,  where  they  are  in  such  abun- 
dance that  they  have  supplied  the  lime-kilns  for  centuries  past. 
The  limestone  blocks  extend  on  to  Miinsterberg,  but  tliey  ar« 


•   Anil,  (ics  Si;i.  Nat.,  t.  xviii. 

f  I'uach,  Journal  de  G6ologie,  t.  LL  p.  253. 
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lot  discovered  In  Saxony  and  Silesia.     The  quantity  of  flinty 
iridentiy  derived  from  the  chalk,    which  are  found    in    iha ' 
Tarches,  between  the  Oder  and  the   Elbe,  and  beyond  the , 
itter  river  to  the  S.  and  S.W.,  likewise  show  a  northern  ori- 

jin,  for  in  the  iiiland  of  Riigen  in  Denmark  and  Scania,  there 
re  the  remains  of  very  extensive  beds  of  chalk  with  flints, 
^'hey  are  discovered  as  far  south  as  Leipzig,  and  westward  as 
if  as  tile  S.E1  border  of  the  Harz,  in  the  county  of  Mans- 

The  northern  border  of  the  Harz  opposes  a  great  obstacle 
.to  the  advance  of  the  erratic  blocks  towards  the  south,  yet 
hey  occur  at  some  points  in  the  valleys  between  the  Haizand 
he  Thuringcrwald  ;  they  are  found  in  the  deep  ravine  which 
begins  at  Tonna,  and  extends,  in  the  range  of  hills  running 
lirom  the  Haynich,  to  the  village  of  Ballstadt.  Westward  of 
le  Harz,  as  far  as  the  Weser,  the  base  of  the  hilly  country 
generally  marks  the  southern  limit  of  the  blocks.  In  most  of 
the  valleys,  especially  those  which  open  towards  the  north, 
blocks  are  discovered  high  up.  Thus  they  advance  into  the 
Innerstethal  and  its  ailjacci.t  valleys.  They  spread  in  the 
Leinelhal  to  beyond  Wirpenstein,  through  the  narrow  defile 
at  Brunkensen  to  the  Reiiberg.  They  may  be  traced  iji  the 
valley  of  tiie  Weser  to  Holzmiiiden,  and  on  the  right  to  Cop- 
penbriigge.  A  large  collection  of  erratic  blocks  lies  close  to 
tlie  Porta  West|)halicxi,  150  feet  above  the  level  of  the  Weser. 
They  rest  singly  in  the  country  of  Horn  at  Schwalenberg,  and 
I  are  more  frequent,  but  smaller,  near  Pyrmont.  The  valleys 
[of  the  Werra  and  the  Bega  are  particularly  remarkable,  lor 
tiie  blocks  become  gradually  more  numerous  in  the  upper 
narrow  parts  of  these  valleys,  at  Detmold  and  E.  of  Lemgo. 
At  Lage,  on  the  north-western  projection  of  the  chain  of  hills 
between  the  two  valleys,  where  the  plain  of  Ravensberg  ends^ 
rests  a  block  of  granite  (named  the  Johannisstein)  24-  feet  in 
diameter,  with  four  smaller  portions,  that  have  been  broken 
off,  lying  around  it.  On  the  inner  slope,  near  Ravensberg, 
ilheir  nun>ber  is  very  great :  on  the  Sieker,  near  Bielefeld,  they 
(are  not  much  inferior  in  size. 

Erratic  blocks  occur  in  the  long  valleys  of  the  Teutoburger- 
Iwald,  having  l^een  enabled  to  pass  over  the  mountain  ridges. 
On  tlie  declivities  of  the  valleys  of  the  Werra  and  Bega,  the 
blocks  observe  a  defined  upper  hmit,  which  they  do  not  pass. 
In  the  great  basin,  in  the  centre  of  which  stands  Miinster, 
I  between  the  Teutoburgerwald  and  the  Rhenish- Westphnlian 
slate  mountains,  erratic  blocks  are  not  found,  but  ihey  occur 
again,  forming  a  strictly  defined  south  border,  to  the  south- 
ward of  Paderborn,  where  the  land  again  rises  on  the  norlheni 
frontier  of  the  Westphalian  slate  mountains.     At  Alfeln  and 


i 


192 


Erratic  Blocks  and  Gravtl. 


Tudorf,  S.  of  Salzkotten,  they  are  innumerable,  but  tov 
the  west  they  rapitlly  decrease  in  number.  At  Unna  atiil 
Doitinttiid  rone  are  known,  and  but  Jew  in  tlieneij^libourhood 
ot"  Bocliuni,  between  Emsecke  anti  Ruhr.  Quarlziferous  por- 
phyries predominate;  next  to  these  follow  coarse-grained 
greenstones ;  the  smaller  portion  consisting  of  granite  and 
gneiss.  Near  Aix-la-Chapelleand  in  Belgium,  the  blocks  do 
not  reach  the  base  of  the  high  lands,  and  they  remain  in  the 
levels  of  HoIJaiul*.  Therefore  proceeding  south,  the  course 
of  the  waters  seems  to  have  continued  in  that  direction  over 
the  low  districts  of  Germany,  to  the  Nethertands,  depositing 
huge  blocks  in  their  passage ;  these  blocks  proved  by  their 
mineral  ogical  composition  to  have  been  derived  from  rock^H 
known  to  exist  in  tlie  northern  regions.  ^H 

Such  a  movement  as  this  over  part  of  Europe  would,  if  the 
supposition  of  i\  mass  o(  waters  were  correct,  be  observeil  in 
other  northern  regions,  for  the  waters  thrown  into  agitation 
would  cause  wavejj  around  the  centre  of  disturbance.  In  Ame- 
rica, therefore,  we  should  expect  to  find  marks  of  such  a  de- 
luge, the  evidences  pointing  to  a  northern  origin  f.  Now  in 
the  northern  regions  of  thai  country  we  do  find  marks  of  an 
aqueous  torrent  bestring  blocks  and  other  detritus  before  it, 
the  lines  of  their  transport  pointing  northward,  according  to 
Dr.  Bigsby,  and  reminding  us  of  the  same  appearances  ob- 
served in  Sweden  and  Germany.  Tlie  quantity  of  transported 
matter  covering  various  large  tracts  in  North  America  seems 
quite  equal  to  that  scattered  over  Northern  Europe ;  and  as 
they  both  point  one  way,  we  can  scarcely  refuse  to  admit  that 
the  course  of  the  disturbance  or  disturbances  was  towards  the 
north,  the  undulations  of  the  waters  having  been  caused  by 
some  violent  agitation,  perhaps  beneath  the  sea  in  those  re- 
gions, for  it  is  by  no  means  tiecessary  that  it  should  be  above 
its  level. 

A  convulsion  or  convulsions  of  tins  magnitude,  reasoning 
from  the  analogy  of  those  minor  agitations  which  we  term 
earth(]uakes,  would  be  felt  over  a  considerable  portion  of  the 
globe,  and  the  waters  over  a  large  surface  would  be  thrown 
into  agitation.  A  part  of  the  earth  would  be  greatly  disturbed, 
and  we  should  expect  fractures  and  faults  produced  in  strata 
where  the  convulsion  was  most  felt,  as  similar  minor  efleci^ 
are  produced  at  present  from  the  exeition  of  a  less  intena 
force. 

Ice  would  seem  to  afford  a  possible  explanation  of  the  trans- 
port of  many  masses;  for  the  glaciers  which  descend  the  val- 
leys of  high  northern  regions  are,  like  those  of  the   Alps, 
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charged  with  blocks  and  smaller  rock  fragments,  wliich  liave 
&llen  from  the  heights.     Waters  rusliinj^  up  or  down  such 
valleys  would  float  off  the  glaciers,  iiioie  particularly'  asiiorth- 
|ern  navigators  have  shown  that  they  project  into  the  sen.     It 
considered  that  the  liuge  masses  of  ice  kjiown  as  icebergs, 
»re  tlie  projecting  portions  of  these  boreal  glaciers,  w  hich  hav- 
ting  been  detached  troni  the  parent  mass,  are  borne  into  more 
^mperate  climes,  in  some  cases  transporting  blocks  and  smatler 
Fragments  of  rock.     This  liebris  will,  as  Mr.  Lyefi  has  ob- 
;rved,  be  deposited  at  the  bottom  of  the  seas  over  which  they 
;  and  therefore,  if  sucli  bottoms  were  raised  so  as  to  be- 
come dry  land,  blocks  might  be  discovered  scattered  over  va- 
rious levels  of  that  land,  presenting  appearances  that  might  be 
listaken  for  the  action  of  diluvial  ciUTents.     li  the  present 
continents  bore  evident  marks  of  long  submergence  beneath  an 
[ocean  immediately  previous  to  their  present  appearance,  and 
[if  the  blocks  were  merely  scattered  here  and  there,  this  ex- 
)]analion  would  by  no  means  be  without  its  weight:  but  there 
ire  too  many  circumstances  tending  to  other  conclusions,  to 
render  it  probable.     The  supposition  of  masses  of  ice,  covered 
ay  blocks  and  smaller  rock  fragments,  borne  southwards  with 
riolence,  though  it  may  account  for  some  appearances,  does 
lot,  it  must  be  confessed,  seem  applicable  to  all,  more  parti- 
cularly where  blocks  can  be  traced  to  their  sources  at  compa- 
dvely  small  distances.     .Supposing  a  wave,  or  waves,  dis- 
harged  over  Europe  and  America  from  the  northwards,  many 
lomena  would  depend  on  the  time  of  year  at  which  the 
itastrophe,  or  catastrophes,  took  place;  itn*  if  in  the  winter, 
Kmraters  rushing  from  that  quarter  would  transport  a  greater 
luaiitity  of  ice,  and  many  superlicial  blocks  and  gravels,  bound 
by  ice  together,  might  be  torn  up  and  carried  considerable 
tances,  fr<jm  the  possible  smalt  s|wcific  gravity  of  the  mass  ; 
even  in  the  case  of  rivers,  it  has  been  found  that  large 
lasses  of  rocks  have  occasionally  been  transported  from  places, 
rhen  encased  in  ice  and  acted  on  by  tite  stream.     In  Sweden 
id  Russia  it  is  more  than  probable  that  many  blocks  would  be 
encased  durinn-  winter,  and  therefore  a  flood  of  waters 
ising  over  them  would  cause  them  to  rise,  to  float,  and  to 
borne  onwards,  until  the  ice  melting,  the  blocks  would 
ik  and  be  finally  brought  to  rest. 

Upon  the  hypolhesis  of  a  convulsion,  or  convulsions,  in  the 
^North,  the  effects  would  become  less  as  we  receded  from  the 
centre  of  disturbance,  and,  finally,  all  traces  of  them  would  be 
lost. 

We  now  arrive  at  another  question, — how  far  the  distribu- 
tion of  blocks  from  the  Alps  may  have  been  contemporaneous 
with  the  supposed  transport  of  erratic  fragments  from  Scandi- 
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Ttavia  ?  To  answer  this  queslion,  without  more  direct  infor- 
mation tiiaii  we  possess,  would  be  diilicult ;  and  we  should  be 
particularly  cautious  in  applying  preconceived  theories  befoie 
we  jjave  the  requisite  data.  All  iliat  we  can  safely  remark  on 
this  subject  seems  to  be,  that  the  blocks  in  both  cases  appear 
to  a  certain  extent  superficial  and  uncovered  by  deposits  which 
would  afi'ord  us  information  respecting  their  difference  of  a«e; 
and  that  it  is  possible  a  great  elevation  of  the  Alps,  and  dis- 
tribution of  blocks  on  both  sides  of  the  chain,  may  have  been 
contemporaneous,  or  nearly  so,  with  a  convulsion  in  the 
North. 

An  immense  quantity  of  debris  has,  at  a  comparatively  re- 
cent epoch,  l)een  driven  from  the  central  chain  of  the  Alps 
outwards ;  the  consequence,  according  to  M.  Elie  lie  Beau- 
mont, of  a  great  elevation  in  those  mountains,  extending  from 
the  \'alais  to  Austria.  MM.  Vun  Buch,  De  Luc,  Escher, 
and  Eliede  Beaumont,  hnve  presented  us  with  a  detail  of  nu- 
merous and  weii  observed  facts,  which  all  tend  to  one  cimclu- 
sion;  namely,  that  the  great  valleys  existed  previously  to  the 
catastrophe  which  tore  blocks  ami  other  fragments  from  the 
Alps,  and  scattered  them  on  either  side  of  the  chain.  M.  Elie 
de  Beaumont  observes*  that  the  valleys  of  the  Durance,  of 
the  Drac,  of  la  Uomaiiche,  of  the  Arc,  and  of  the  Isere,  pre- 
sent the  same  appearances  as  those  of  the  Arve,  the  Rhone, 
the  Aar,  the  lleuss,  the  Limmat,  the  llhine,  and  the  valleys 
which  descend  into  the  plains  of  Bavaria,  noticed  by  different 
geologists.  On  the  Italian  side  of  the  chain,  appearances  are 
also  similar,  and  no  doubt  can  exist  (lint  the  blocks  and  de- 
bris have  passed  down  the  I'espective  valleys,  where  they  have 
left  unefjuivocal  marks  of  their  transit.  M.  Elie  de  Beaumont 
has  presented  us  with  very  dt-tniled  accounts  of  these  appear- 
ances in  the  valleys  of  the  Durance,  of  the  Drac,  and  otJiers, 
where  they  are  precisely  what  would  have  been  expected  from 
the  passage  of  a  rock-chargetl  nwss  of  waters  down  the  re- 
spective channels,  the  largest  fragments  having  been  trans- 
ported the  shortest  distances-,  being  most  angular,  wlnlc  the 
smaller  and  most  rounded  have  been  carried  the  furthest. 
Thus,  in  the  valley  of  the  Diirimce,  the  transported  substances 
become  more  angular  and  of  greater  volume,  as  we  proceed 
from  the  great  mass  of  pebbles,  called  the  Craii,  to  the  moun- 
tains beyond  Gap,  whence  the  debris,  judging  from  its  niine- 
ralogical  characters,  have  very  clearly  been  deriveil.  SimilfUr 
phenomena  will  be  observed  up  the  valley  of  the  Drac,  which 
proceeds  by  another  course  to  the  neighbourhood  of  tliesame 


•  Reclierches  wr  Ics  R^v.  de  It  Surfnce  du  Glob«;  Ann  iet  Sci.  Nat., 
182d  et  1830. 


Erratic  Blocks  and  Oravel. 


195 


niounialns,  the  two  streams  of  debris  not  miuglitig  unlil  they 
join  in  tlie  Crau  *. 

From  my  own  observations,  1  can  fully  confirm  the  remarks 
of  various  authors  respecting  the  skuiilions  of  the  Alpine  blocks, 
and  their  probable  derivation  from  the  respective  valleys,  which 
they,  as  it  were,  appear  to  face.     But  I  have  nowhtre  ob- 
served such  strikiiij^  masses  of  erratic  blocks  as  those  which 
occur  in  the  vicinity  of  the  lakes  of  Coiiio  and  Lecco.     They 
are  particularly  remarkable  on  the  northern  face  of  the  Monte 
San  Primo,  a  lofty  mountain  ridge  presenlinnj  one  of  its  sides 
to  the  more  open  and  northern  part  of  the  lake  of  Conio,  where 
the  latter  stretches  towards  the  high  Alps;  thus  presenting  a 
boUl  front  to  any  shock  which  should  come  from  the  north, 
leavin«T  open  passages  to  the  right  and  left  of  it,  one  down  tlie 
southern  part  of  the  lake  of  Como,  the  other  down  ifiat  of 
Lecco.     Not  only  in  front,  facing  the  high   Alps,   but  also 
round  the  Hanks  and  shoulders  of  this  mountain,  and  even  be* 
bind  it,  where  the  eddy-current  would  have  transported  them, 
blocks  of  granite,  gnei>s,  mica-slate,  and  other!)  from  the  cen- 
tral chain,  of  various  sizes,  and  often  accompanied  by  smaller 
fragments  and  gravel,  are  seen   in  hundreds,  nay  thousands, 
scattered  over  the  dolomite,  limestone,  and  slate  of  the  moun- 
tain,  and  nearly  filhng  up  a  previously  existing  valley  which 
faced  the  north,  the  direction  whence  tlie  rock-charged  fluid 
descended.     Proceeding  down  the  side  valleys,  partly  occu- 
pied by  the  lower  lake  of  Como,  and  the  lake  of  Lecco,  we 
find  the  evidences  of  such  a  current  in  the  presence  of  blocks 
occurring,  as  they  should  do,  whtre  tlirect  obstacles  were  op- 
posed to  its  course,  or  in  situations  where  eddies  would  be  pro- 
duced behind  the  shoulders  of  the  mountains.     One  very  re- 
markable instance  of  such  occurrence  is  behind,  or  on  the 
Routhern  side  of,  the  Monte  San  Maurizio,   above  the  town  of 
Como;  where  numerous  blocks  are  accumulated  on  the  steep 
flank  of  the  mountain,  precisely  where  a  body  of  water,  rush- 
ing down  tlje  great  valley,  would  produce  an  eddy  at  its  dis- 
charge into  the  u]>en  plains  of  Italyf .     The  blocks,  though  no 
doubt  many  have  descended  from  their  first  positions  in  con- 
tequence  of  the  long-continued  action  of  atmospheric  agents, 
^ccupy  an  elevated  line,  as  also  on  other  but  lower  heights  in 
■be  vicmity,  which  opposed  more  direct  obstacles  to  the  de- 
bacle :  seeming  to  show  that  tlie  blocks  occurred  near  the  sur- 
iace  of  the  fluiil  mass,  and  were  wliirletl  by  tlie  eddy,  at  nearly 

re  same  level,  against  the  steep  sides  of  this  calcareous  moun- 
•  Elie  de  Beaumont,  Reclierchea  sur  leg  R&v.  du  Globe. 
f  For  iUu9tratioD8  of  these  apptsarancea,  sec  Scctiona  and  View<  illustra- 
tire  of  Geological  Plupnomena,  plates  .31^  32. 
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tnin,  as  well  as  thrown  against  the  more  ilirect  obstacle  of  ■ 
ranj^e  of  conglomerate  hills. 

The  (olluwing  is  a  section  of  the  Monte  San  Primo,  exhi- 
biting the  manner  in  wliich  the  erratic  blocks  rest  on  its  sur- 
face. 

Fig.  30. 

a  P 


d^l 


P,  Monte  San  Primo:  B,  bliiflf  point  of  Bellaggio  rising 
out  ofliie  lake  of  Coino  C  :  a  a  a  a,  blocks  of  granite,  gneiss, 
&c.,  scattered  over  the  surface  of  the  limestone  rocks /// /, 
and  the  dolomite  d  d  d.  V,  the  Commune  di  Villa,  where  a 
previously  existing  depression  or  valley  is  nearly  filled  with 
transported  matter.  E,  the  Alpi  di  PrnvoUa,  on  the  northern 
side  of  which  is  the  larj^e  granite  block  fij^uretl  beneath,  re- 
markable not  so  much  for  its  si/e  as  for  its  angular  character. 

Fig.  31. 


n 


The  accumulation  of  erratic  blocks  of  the  Alps  in  groups 
haij  been  particularly  remarked  by  M.  de  Ltic  (nephew),  who 
has  very  carefnlly  examined  them  round  the  lake  of  Geneva 
and  neighbouring  country  *.  The  levels  whicli  the  blocks 
keep  on  the  Jura  and  other  places  have  been  oj'ten  observed 
by  various  authors.  Such  a  common  mode  of  occurrence  must, 
we  should  suppose,  have  some  coninion  cau^e,  and  can  scarcely 
be  accidental. 

Solutions  of  the  problem  of  erratic  blocks  seem  not  very 
practicable  at  present,  and  our  attempts  at  general  explana- 
tions can  be  considered  little  else  than  conjectures  that  may 
appear  more  or  less  probable.  The  student,  tlierefore,  shotUd 
be  careful  not  to  consider  such  explanations  as  well  ascertained 
truths,  but  merely  as  hypotheses,  which  future  and  extensive 
observations  may,  or  may  not,  prove  to  be  correct. 

It  has  been  above  remarked,  that  the  Alpine  erratic  blocks 

•  De  Luc,  Mfm.  de  la  Soc.  de  Phjs.  et  d'Hint.  Nal.  de  Gen^v 
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frequently  occur  in  groups.     To  present  a  general  explnnation 
of  this  phaenomenon  would,  at  present,  be  somewhat  difficult; 
but  it  may  be  asked,  as  a  mere  conjecture,  whether  masses  of 
floating  ice  charged  with  blocks  aiut  other  detritus,  rushing 
down  the  great  valleys  into  the  more  open  country  of  lower 
Switzerland,  might  not  be  whirled  about  by  the  eddies,  and 
the  icy  masses  be  destroyed  by  collision  against  each  other,  so 
that  groups  of  blocks  would  afterwards  be  found  beneath  the 
places   where   the   whirlpools  liad    existed.     Masses  of  ice, 
charged  with  blocks  and  pent  up  ibr  tlie  moment  within  such 
_basin<»  as  might  be  formed  between  tl]e  Alps  and  Jura,  might 
■pso  be  carried  at  certain  levels  against  the  sides  of  ifie  oppo- 
sing mountains,  such  a'%  the  Jura,  and  be  there  deposited  in 
groups  anil  in  lines  of  level. 
K  Such  passages  of  bodies  of  water  over  land,  as  have  been. 
Bbove  noticed,  whether  contemporaneous  or  nut,  could  scarcely 
Have  failed  to  destroy  the  larger  portion  of  the  antinals  pre- 
^ously  existing  on  thai  land.     At  the  time  when  the  remains 
of  extinct  elephants,  mastodons,  and  rhinoceroses,  were  con- 
^iercd  to  characterize  one  set  of  gravels  or  transported  mat- 
it  was  natural  to  conclude  that  all  such  debris  were  con- 
iporaneou-. :  but  as  lliese  animals  are  now  found  to  have 
(isled  earlier,  if  not  also  later,  than  was  imagined,  this  sup- 
)sed  guide  has  failed  us ;  and  we  gain  no  very  definite  ideas 
elalive  to  the  age  of  the  transported  matter  in  which  they  may 
occur,  further  than  that  they  probably  come  within  a  certain 

riige  of  the  more  recent  geological  deposits. 
Tlie  following  is  a  listof  those  animals  which  are  commonly 
enumerated  as  found  in  deposits  referrible  to  the  group   un- 
lier  consideration   and   which,  wlielher  exactly   contempora- 
neous or  not,  are  found  in  superficial  gravels,  sands,    and 

EIrphn?  primigcniiis,  Bfumenboch.  Scattered  over  \'nrimis  parts  of  Eu- 
rope. Very  common  in  the  norlliern  parts  of  Asia,  wlierc  tho  ivory 
of  the  fossil  tusk,  or  defence,  i»  so  tiir  iin injured  as  tu  be  iised  for 
uniaineiittil  purposes.  FtiUiid  also  on  the  nurtliern  coast  of  the 
American  coiitinctit.  Uiiiti.-d  States  of  North  .Itin-'nca.  Mexico, 
Quiio,  Humbiildt.  (Hig'he-t  transported  gruvcl  near  Lyons,  lieaum.) 

Mastodon  maximus,  Cuo.    North  America.     Various  Authors  f. 


•  Tlie  student  should  bo  cnreful,  if  he  be  so  fortunate  as  to  discover  any 

pf  these  remains,  lo  remark,  whether  they  occur  in  detritus  evidently  moved 

BQi  a  distance,  or  in  that  great  muss  of  weathered  fra>;menl«  whieh  often 

9Ver«  hilU  and  valley:),  and  which  seems  priucipally  due  tu  the  action  of  the 

ujosphere  upon  them. 

t    Ihe  relative  age  of  the  depoait,  in  which  the  remains  of  the  Matlodon 
rimut  are  found,  cannot  be  considered  as  very  satisfactorily  ascertaiiicd. 
.  gcvlwgisu,  indeed,  nu^pect  that  lht's«  animals  have  disapptared  djok 
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Organic  Remains  in  the  Gravel,  Sfc. 


2.  Mastodon  ongTistidens,    Cuv,     Simorre;    Italy;    France,  Cttv.      Dam- 

■tadt,  SiJmiiierinij.     Austria,  Stiilz.     Peru ;   Columbia,  llumbitldl. 

3.  Andium,    Citv.  Cordilleras;  Santa  Fe  do  Bogota.    Humboldt. 

4.  Humboldtii,   Cuv.     South  America.  Humboldt. 

5.  »■  ■     ■      -  minutuH,  Cuv.     Europe,  Al.  Brong. 

6.  ■  tapiroides,   Cwv.     Europe,  Al.  Brotiif. 

1.  Hippopotamus  major,  Cuv.     Walton  iu   £&£t:x;    Oxford;    Brentford. 

Bitckl.     Bavaria,  HoU.     Itoly;  France,  Cuv. 

2.  •  minutiis,  Cuv.     Lander  of  Bourdeaux.  Cuv. 

1.  RhJnoceroa  ticliorhimis,  Cuv.     Verj- comnnin  in  Europe. 

2.  leplorbiiius,  Car.     Common  in  Europe. 

3.  — ^~  incisinis,   Cuv.     Germany;  AppoUheim.  Al.  Bronff, 

4.  mimitus,  Cuv.     Moisaac.  Al.  Bronp.     Magdeburg.  Hell. 

Elasmotberiuin.     Siberia,  Fischer. 

1.  Tapims  g^ganteus,  Cuv.  Allan;  Vicnne  in  Dauphin^ ;  Chevilly;  rod 
other  parti  of  France.  Cuv,  Furth,  Bavaria  ;  Feldsberg,  Austria. 
Hall. 

1.  Cervus  gigantcus,    Blum,      Ireland;    Silesia;    Banks    of  the   Rliiiie; 

Sevran,  near  Paris. 

2.  Aniericaniis,  Harlan.     Big  Bone  Lick,  Kentucky. 

Cervui.     Several  different  species,  common  in  various  parts  of  Europe. 

1.  Bos  bombifironi,  Harlan.     Big  Bone  Lick,  Kentucky. 

2.  Urus.     Eschscholti  Bay,  Norlh  America,  BuekL 

Bos.  Remains  of,  common. 

Auroch  (fossil),  Ctie.     Siberia,  Germany,  Italy,  &'c. 
1.  Trogontbcrium  Cuvieri,  Fischer.      Sea  coast  near  Tagnnrock,    Sea  of 

Azof,  Fischer. 
I,  Megalonyx  laqueatus,  Harlan.     Big  Bone  Lick,  Kentucky,  Harlan*. 
Megatherium,  Cuv.     Buenos  Ayres;  Lima. 
Hya-nn  (fossil),  Cuv.     Lawford,  near  Rugby;  Henberg  and  Ostcrodc ; 

Canstfldt,  near  Stutgart :  Eiclistadt,  in  Bavaria,  Buckl. 
Unnts.     Krems-Miinster.  Higher  Austria,  Buckl. 
Equus.    Common  iu  many  places  in  Europe.  Big  Bono  Lick,  Kentucky. 

Escbacholtz  Gay. 


recently  than  ii  commonly  itupposed.  Among  some  of  tbese  remains  dis- 
covered at  Withe,  Virginia,  there  was  found  a  mass  of  small  brancbea  and 
leaves,  among  which  it  was  considered  that  there  was  a  species  of  reed  still 
common  in  Virginia.  The  whole  appcnreil  enveloped  in  u  kind  of  sack,  con- 
sidered to  be  the  fttomacli  of  the  animal. ^(Ciivier,  Oss.  Fosa.  t.  i.  p.  219.) 

According  to  Mr.  Cooper,  the  fundamental  rock  of  the  valley  and  country 
round  the  celebrated  Big  Bone  Lick,  is  a  limestone.  At  the  Lick  the  valley 
is  filled  up  by  variovis  utieonsulidated  beds,  generally  about  thirty  feet  deep. 
The  upper  bed  isn  light  yellow  clay,  produced  by  the  soil  washed  away  from 
the  higner  grounds  by  tlie  rains.  Tliis  contaitis  the  bones  of  buffaloes  and 
other  recent  animals.  Beneath  this  is  another  bed  of  a  different  character, 
being  more  gravelly,  and  darker  coloured.  It  contains  the  remains  of  reedy 
plants,  smaller  than  the  abundant  Keutucky  cane,  frcsli-water  shells,  and 
the  remains  of  the  ma-Htodon,  elephant,  &'c.  Mr,  Cooper  remarks  the  broken 
character  of  even  the  sniallGst  ooue  found  in  this  bed,  and  considers  that 
this  effect  must  have  been  produced  by  violent  action. — (Feathcrstonlmugh's 
American  Journui,  vol.  i.) 

*  Dr.  Harlan  describes  the  bones  of  the  same  species  as  having  been 
found  on  the  surface  of  White  Cave,  Kentucky.  With  these  were  received 
bones  of  the  Bo»,  Cervut,  and  Ursus,  as  also  the  metacarpal  bone  of  tlie  hu- 
man STiecies.  The  remains  of  the  Bear  alone  appeared  of  equal  antiquity 
"wii^ii  itkc  Mrgalonyt.     Harlan,  Jour.  Am.  Nat.  Soc.  1831.    The  remaixis  of 
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We  cannot  quit  the  subject  of  the  large  mnnimalia  entombed 
in  suf^crBcial  gravel,  sands,  and  clays,  without  iidvertiiifj  to 
the  elephant  found  encased  in  ice  near  the  embouchure  ot  the 
river  Lena  in  Siberia.  It  had  been  preserved  entire,  having 
undergone  no  decomposition  since  death  :  on  the  contrary, 
when  ilelached  I'mni  the  ice,  it  afforded  i'ood  to  various  ani- 
mals, and  parts  of  its  skin  and  hair  were  coilecteji,  and  are 
now  preserved  with  its  hkcleloii  id  the  Museum  at  Sl  Peters- 
luirgh.  ^Ir.  Ad.inis,  lo  whom  the  scientific  public  are  in- 
debted for  the  pieservjiiioii  of  what  letnained  of  the  animal, 
and  for  the  account  of  its  oiigirial  discovery;  relates  that  Schu- 
inachof,  a  Tuiigu'<iaii  chief  unil  owner  of  I  he  peninsula  of  Tarn- 
set,  where  the  clephuiit  was  diticovered,  first  observed  a  shape- 
less mass  among  the  ice  in  1799;  but  it  was  not  until  1804 
that  this  mass  fell  on  the  sand,  and  disclosed  the  ice-()i"cserved 
elepiiant,  whose  tusks  were  cut  of]' anil  sold  by  the  Tungusian 
chief.  Two  years  nlurwartls  Mr.  Adams  visited  tlje  spot, 
and  collected  the  remains  as  above  stated.  According  to  this 
observer,  the  escarpment  of  ice  in  which  the  elephant  liad 
been  preserved,  extended  two  miles,  and  rose  perperulicu- 
larly  about  200  or  250  feet.  On  this  ice^  which  is  described 
as  pure  and  char,  there  was  a  layer  of  friable  earth  oud  moss, 
about  fourteen  inches  thick*. 

M.  Cuvier  menlions  that  in  1805  M.  Tileslus  had  received, 
and  had  sent  io  M.  Blumenbach,  some  hair  torn  from  the 
carcase  of  a  mammoth,  or  elephant,  by  a  person  named  Pa- 
tapof,  near  the  shores  of  the  Icy  Sea.  He  further  observes, 
that  some  of  the  hair  and  skin  ot  this  individual  was  presented 
to  the  Jardjn  du  Hoi  at  Paris,  by  M,  Targe,  who  had  re- 
ceivetl  it  from  his  nepliew  at  Moscow  f. 

Pallas  menlions  the  discovery  (in  1770)  of  an  entire  rhino- 
ceros with  its  skin  and  hair,  enveloped  in  sand  on  the  banks 
of  the  Wiliiji,  which  falls  into  the  Lena  below  .Takoutsk.  The 
Animal  is  described  as  being  very  hairy*  particularly  on  the 
feet.  It  was  an  intlividual  of^  the  Rhtnocous  Tichor/iiuns, 
Cuvier  X- 

Considerable  light  has  recently  been  thrown  on  the  remains 
of  the  elephant  and  rhinoceros  of  Northern  Asia,  by  the  ob- 
servations made  at  Eschscholti  Bay,  within  the  Arctic  Circle, 

Mfgaloiiyx  JeffertoMii  were  fmind  two  or  three  feet  letwalh  the  surface  of 
acaveni,  in  Green  Briar  (bounty,  Virginia. 

'i'lie  remBins  of  a  Mrsnlnnyx  have  beeit  brcnugUt  from  the  Brazils.  Ac- 
eordiug  lo  Dr.  WutfijcT,  ihcy  were  diseovLTpd  in  a  cavern. 

•  From  the  iicciniiit  of  ilie  ulephiuii.  found  in  tlie  ice  ul*  Siberia,  London 
1819; — lakcii  from  llie  Mem.  of  llu-  Inip.  Acad,  of  Scicntes  of  St.  Peter»» 
burg^h,  vol.  V. 

t  Cuvier,  On.  FoBsilet,  t.  i.  fd.  1822.  J  Ibid.  t.  ii. 
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200      Remains  of  Elephants^  d(c.  in  the  Arctic  liegions. 

North  America,  during  the  expedition  of  Captain  Beechey  t<r 
those  ref^ions.  These  observations  have  been  arranged  and 
coinmeiitetl  on  by  Prof.  Buck  land  • ;  and  it  now  appears  that, 
instead  of  the  reaiiuns  of  elephants  being  found  in  the  ice  at 
this  place,  as  was  considered  to  be  tlie  case  during  the  expe- 
dition of  Kotzebiie,  ibey  are  enveloped  in  frozen  mud  and 
sand,  enritiififT  a  strong  oilonr  of  burnt  bones  f .  The  remains 
tlius  entombe<f  were  relerril/lelo  tlie  elephant,  Bos  Unxs,  deer, 
antl  hor^c,  with  the  cervical  vertebra  of  an  animal  not  known. 
Prof  Biickland  sLi]}po5es  tliat  the  ("rozen  elephant  ot  Siberia, 
above  noticeid,  was  also  encased  in  frozen  mud,  the  front  of 
the  mud  or  simd  cliff' beiI^g  oidy  a  facing  of  ice,  as  was  found 
to  be  the  case  in  Eschsclioltz  Bay ;  and  this  supposition  is 
rendered  ilie  more  probable,  as  we  know  that  the  rhinoceros  of 
the  Wiliiji  was  thus  enveloped. 

Tlie  causes,  whatever  they  were,  which  destroyed  the  ele- 
phant at  the  month  of  the  Lena,  have,  as  Prof.  Bucktand  ob- 
serves, been  common  to  all  the  shores  of  the  two  continents 
within  the  Arctic  Circle;  and  this  is  further  proved  by  the  re- 
searches of  M.  Hedenstrom,  who  visited  the  shores  of  the  Icy 
Sen,  under  the  direction  of  the  Russian  Government,  between 
the  Lena  and  the  Colynia,  and  who  states  that  there  are  hun- 
dreds of  elephants,  rhinoceroses,  oxen,  and  other  animals,  in 
the  ice  or  frozen  ground  of  those  regions  $. 

It  seems  probable,  therefore,  that  there  has  been  a  great 
change  of  climate  on  the  northern  coasts  of  Asia  and  America 
since  these  animals  existed  there ;  for,  with  every  allowance 
for  the  ada[,t;ition  of  the  particular  species  of  elephant,  io 
commonly  Ibund  fossil,  to  much  colder  climates  than  the  ex- 
isting species  now  inhabit,  (and  that  they  were  so  adapted 
seems  exceedingly  probable,  irom  the  woolly  hair  discovered 
on  the  individual  encased  in  ice  at  the  mouth  of  the  Lena,) 
we  must  grant  them  something  to  live  upon,  food  fitted  to 
their  powers  of  mastication  and  digestion  ;  and  this  they  could 
scarcely  find,  if  the  climates  were  snch  as  they  now  are,  per- 
mitting only  the  existence  of  a  comparatively  miserable  vegeta- 
tion, and  that  only  during  part  of  the  year  §. 


•   Appendix  to  Beechej-'a  Vnyago  to  the  Pacific  iind  Behring's  Straits. 

f  Mr.  Braylpy,  cointni'iiting  an  the  evidence  addiicod  of  this  odour,  ob- 
serves thai  many  circuinslaiicL-s  render  it  nwiTc  probable  that  it  8 huuld  al- 
ways arise,  iu  the  places  noticed,  from  the  decomposition  of  animal  matter, 


-Phil.  Mag.  and  Annalc,  v 


than  from  any  other  cause,  though  Prof.  Bucklond  was  inclined  to  considei 
the  odour  produced  by  other  circumsta 
jx.  p.  111- 

t  Journal  de  Geologie,  torn.  ti.  p.  315 

$  The  tipirs,  apparently  in  every  respect  the  same  with  those  of  B«ngal, 
which  ore  now  ascertained  to  roam  into  Siberia,  up  to  the  parallels  of  Ber- 
lin and  Hamburgh,  by  no  means  render  it  more  probable  that  dephanta 
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Ossiferous  CavernSf  and  Ossrotis  Breccia. 

It  is  to  Prof.  Bucklund  that  M-e  are  indebted  for  our  moi 
intimate  acquaintance  witli   the  various  circumstances  uudeXjJ 
which  organic  remains  are  lounil  in  caverns;  tor  though  bonef' 
of  bears  and  other  animals,  occur  riiijij  in  caves,  liad  long  at-: 
tracted  nltention»   more  particularly  in  Germany,  it  was  not 
until  after  the  discovery  of  the  ct^iebraled  Kirkdale  cavern  in 
Yorkshire,  that  the  subject  acquired  a  new  interest,  and  be- 
came as  much  a  ]>art  of  general  |^eolu<;icai  investigaiion,  as  the 
fossil   contents  of  any   well  estabiislied  rock  had  previously 
been.      It  is  gratifying  to  observe,  that  even  those  who  are  op-, 
posed  to  the  theoretical  conclusions  thai  have  been  <Ieduced' 
from  cavern  bones,  are  still  willing  to  pay  their  tribute  of  praise 
lo  die  zeal  and  activity  with  which  Prof.  Bucklund  conducted 
his  researches. 

Prof.  Buckland  pointed  out  that  the  general  arrangements 
in  caverns,  are:  1.  The  original  sides  of  the  cave,  which  may 
or  mav  not  be  covered  with  stalagmite.     2.  A  deposition  of 
animal  remains,  mixed  with  mud,  silt,  rolled  stones,  or  broken 
fragments;  matiy  circumstances  sometimes  attending  this  de- 
jpo^ition  seeming  to  attest  the  long-continued  residence  of  ani- 
[inals  in  certain  caverns  for  successive  generations:  some,  the^ 
Ihysenas  for  instance,  having  there  dragged  their  prey,  ofteai 
^consisting  of  parts  of  the  elephant  antl  rhinoceros.     3.  The^ 
icposition  of  stalagmite  covering  up  the  animal  remains,  thai 
ijud,  silt,  &c.,  with  a  greater  or   less  dtpth  of  carbonate  of( 
Jime;  so  that  to  all  appearance,  in  a  newly  iliscovered  cavem,< 
"■>e  bottom  is  a  mere  mass  of  stalagmite,  beneath   which  the{ 
rganic  riches  would  for  ever  remain  unknown,  unless  the  con-^ 
Dealing  crnst  should   he   fractured   by   accident,    or    brokeai 
through  by  die  geologist,  now  aware  that  animal  remains  may  I 
\he  found  beneatli  it. 

JSince  the  discovery  and  description  of  Kirkdale  cavcrn^j 

[notices  of  other  ossilerous  caves  have  become  so  numcrouaj 

|that  a  mere  list  of  them  would  be  somewhat  long;  and  thevi 

multiply  so  fast,  that  we  may  anticipate,  at  no  distant  period^  - 

very  singular  boily  of  evidence  on  this  subject  alone. 

The  remains  of  anitnals,  similar  to  those  contained  in  ca- ' 

[▼erns,  are  frequently  found  in  fissures  of  the  rock;  in  somei 

fiiluations,  the  whole  mass  of  bones,  fragments  ol'  rock,  ami  ce- 

tnentlng  matter  being  so  hard  and  compact^  that  it  frequently 


nee  existed  ia  climates  similnr  to  thai  oT  the  present  Arctic  Circle  ;  for^ 
'file  former  subsisting  on  flefh  iiiitl  tlie  latter  on  vegetables,  it  is  obvious  that ' 
tlie  tigers  could  live,  as  far  as  respects  food,  furdier  north  than  the  ele-'J 
fkanta. 
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equals,  and  sometimes  exceeds,  in  dtii'abiliiy,  the  rock 
which  it  is  inclosed.     Of  this  the  osseous  breccias  of  Nice  and 
many  other  places  in  tlie  Mcditerrnnfjin  are  examples. 

It  becomes  daily  more  necessary  to  ascertain,  as  far  as  may 
be,  the  reljilive  ages  of  these  various  accumulations  of  animal 
remains,  investigating  the  subject  witli  proper  attention,  and 
as  much  as  possible  without  preconceived  llieory.  It  also  be- 
comes important  to  examine  with  atteiition,  in  those  cases 
where  the  mouths  of  ossiferous  caverns  are  covered  up  witl^^ 
detritus,  whether  sudi  detiitus  be  coni|iosc(i  of  angular  trn^^f 
ments  of  the  rock  in  the  vioinity,  which  might  have  been  gr^^" 
dually  accumulated  over  the  external  apeiture  during  the  long 
lapse  of  ages,  by  causes  and  eflTccts  siniilnr  to  those  in  daily 
operation  ;  or  whether  it  is  composed  of  t  rati  sported  fragments 
more  or  less  rounded,  and  which  must  have  iravellet!  from  a 
distance:  in  the  latter  case,  enden\oii  ring  to  ascertain  whether 
such  transported  matter  coiilit  have  been  carried  to  its  present 
situation  by  actual  causes,  or  whether  we  must  seek  a  greater 
intensity  of  force  to  account  for  its  presence,  physical  obstacles 
opposing  its  carriage  by  any  other  means.  If  angular  frag- 
ments, derived  IVom  tlie  immediate  vicinity,  alone  cover  the 
cavern's  mouth,  \vc  have  no  certainty  when  it  was  finally  closed; 
and  therefore,  even  supposing  that  one  set  of  animals  may  have 
been  overwhelmed  by  a  rush  of  waters  into  the  cavern,  there 
is  nothing  to  jireveni  anotlier  race  of  animals  from  frequenting 
the  same  phice,  whose  bones  might  become^  to  n  certain  degree, 
mixed  with  the  other?,  and  t-'iitombed  beneath  fragments  of 
rock  and  stalagmite,  bom  the  constant  change  operating  in 
the  interior  of  caves.  Thus  the  bones  of  man,  and  his  early 
rude  manufactures,  such  as  unbaked  pottery,  may  become,  to 
a  certain  extent,  mingled,  in  a  mass  of  slalngmite  and  rock 
fragments,  with  the  remains  of  elepliants,  rhinoceroses,  cavern 
bears,  and  liya^nas;  and  the  whole  might,  alter  the  cave  be- 
came tlcserted,  and  the  accumulation  at  the  mouth  considerable, 
be  covered  with  a  crust  of  stalagmite:  so  that  upon  tlie  disco- 
very of  such  a  cavern,  it  might  be  described,  if  attention  had 
not  been  paid  to  the  kind  ol'  detritus  which  blocked  up  the 
mouth,  as  being  closed  externally,  and  open  to  a  certain  height 
inside,  beneath  which  tliere  was  a  crust  of  stalagmite,  covering 
an  accumulation  of  rock  fragments  and  bones,  among  which 
those  of  man  were  found  mingled  with  those  of  the  elephant 
and  other  animals.  It  might  hence  l>e  concluded,  that  all 
these  remains  were  of  couleniporaneous  origin,  and,  conse- 
quently, that  man  existed  at  the  lime  when  the  elephants 
roamed  the  forests,  and  hyaenas  and  bears  lurked  in  the  caverns 
of  Europe.  If  the  mouths  of  ossiferous  caverns  be  closed  by 
fragments'  of  rock  transported  from  a  distance,  such  iransi 


being  clearly  not  due  to  tlie  operation  of  actual  causes,  but  to 
tlie  exertion  of"  a  greater  intensity  of  force  ;  and  if  we  then  find 
the  remains  of  man  entombed  with  those  usually  contained  in 
caverns,  there  would  seem  little  reason  to  doubt,  unless  other 
communications  from  tiie  surface  could  be  trace<i,  that  man 
was  a  contemporary  with  the  extinct  species  of  elephants, 
rhinoceroses,  iiyacnas,  and  bears,  found  not  only  in  the  caves, 
but  also  in  masses  of  transported  gravel,  and  that  lie  existed 
previous  to  the  catastrophe,  or  catastrophes,  which  over- 
whelmed him  and  them. 

^\'^hen  the  bones  of  man  were  discovered  by  MM.  Tournal, 
De  Christol,  Marcel  de  8erres,  and  other  geologists,  in  caverns 
of  the  southern  parts  of  France,  they  inferred  that  the  mode  in 
which  the  human  remains  occurred  among  those  of  extijict  ani- 
mals, was  such,  thai  man  must  have  been  contemporaneous  with 
tliese  animals.  We  are  indebted  to  M.  U'essier  lor  a  descrip- 
tion of  the  cavern  of  Miallet,  near  Anduze,  department  of  the 
Gard,  which  throws  much  light  on  this  subject.  This  cavern 
occurs  on  a  steep  slope,  lliirly  y.irtls  above  the  valley,  in  a  do- 
lomitic  rock,  subordinate  to  the  lias.  The  lowest  bed  depo- 
sited on  the  bottom  of  tlie  cavern,  consists  of  atloiomiiic  sand, 
irregularly  covered  with  thin  stalagmite*  and  here  and  there 
by  an  argillo-ferruginous  clay,  more  than  a  yard  thick.  This 
bed  contains  the  abuiidatit  remains  of  bears.  Beneath  sta- 
lagmite and  a  bed  of  clayey  sand,  from  eight  to  sixteen 
inches  thick,  human  remains  were  discovered  in  diflerent  parts 
of  the  cavern.  At  the  inmost  end  they  were  decidedly  mixed 
with  those  of  bears,  which  predominated;  but  at  the  entrance 
the  human  bones  prevailed.  On  the  ossiferous  clay,  and  be- 
neath a  small  rocky  projection,  a  nearly  entire  human  skeleton 
was  discovered,  and  close  to  it  a  lamp  and  a  baked  clay  figu- 
rine, copper  bracelets  being  found  at  a  short  distance.  In  other 
places  were  the  remains  of  coarse  pottery,  worked  bones,  and 
small  flint  tools,  exhibiting  a  ruder  state  of  the  arts  tlian  the 
preceding. 

M.  Tessier  infers  from  the  facts  which  he  observed:  1.  An 
qjoch  when  the  cavern  was  inhabited  by  bears.  2.  A  time 
when  man,  little  advanced  in  civilization,  inliahited,  and  pro- 
bably was  buried,  in  the  cave.  3.  The  Roman  epoch,  shown 
bv  the  remains  of  more  advanceil  art.  As  to  tlie  mixed  bones 
oi'man  njid  the  bears,  it  is  inferred  that  this  is  accidental,  as 
men  and  bears  could  not  have  lived  together  in  this  cavern  •. 

It  is  a  singular  circumstance,  and  one  which  demands  at- 
tention, notwithstanding  the  ingenious  remarks  that  have  been 
made  on  the  subject,  (Eat  die  remains  of  the  monkey  tribe 
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should  not  yet  Lave  been  discovered  amonfj  the  undisturt 
bones  and  otiier  substances  in  caves,  or  in  the  old  trnn!:)X>rtect] 
gravel,  or  diluvium  of  Prof,  liiicltland.     h  has  been  objecte 
to  a  remark  that  man  and  the  monkey  tribe  were  |>erha|: 
created  about  the  same  period,  and  were  of  coinparoijvelj 
modern  appearance  on  the  cartlj's  surface,  tliat  the  cotinlriall 
have  not  been  ^eolo^yically  well  examined  where  ibe  niunke] 
race  now  exist.     This  is   perfectly  true.     But  is  there  anj 
reason  why  monkeys  sliould  not  have  lived  in  climates  and  ir 
situations  where  elephants,  rhinoceroses,  tigers,  and  hyjcni 
were  common?  tor  the  climates  and  regions  in  which  existing 
elephants,  rjiinoceroses,  tigers,  anil  hyunas  abound,  are  pr« 
cisely  thoie  where  monkeys  are  now  Juuiid.    To  (lie  objection^ 
thai  if  ihey  did  then  exist,  their  bones  would  not  be  discovered^ 
ns  tlteir  activity   would  seciue  them  from   falling  a  prey  to] 
hya.iKis  and  other  predaceous  animals;  it  may  be  op|>osed,"J 
that  they  mnst  have  died  like  other  animals,  and  that  theil 
dead  carcases  nni^t  have  fallen  to  the  ground,,  and  that  the 
were  quite  as  likely  to  have  become  the  food  of  less  ninibli 
creatures,  as  the  birds  found  in  the  cavern  of  Kirkdale. 

Kirkdale  cavern  was  ilis-covered  by  cutting  back  a  quarrygl 
in  the  sunnner  of  18^1,  antl  was  visited  by  Prof.  Buckland  it 
December  of  the  same  year.  Its  greatCNt  length  is  stated  ai 
24-5  feet,  and  its  height  generally  to  he  so  inconsiderable,  thai 
there  are  only  two  (h-  three  situations  where  a  man  can  stanC^ 
[upright.     The  following  is  a  section*. 

a  a,  a  a,  horizontal  beds  of  limestone,  Fig.  32. 

in  wliich  the  cave  is  situated;  i,  stalagmite 
incrusting  some  of  tlie  bones,  and  formed 
before  t!ie  mud  was  introduced;  c,  stratum 
of  mud  containing  the  bone.s;  d  d,  stalag- 
mite formed  since  the  introduction  of  tin 
mud,  and  spreading  over  its  surface;  t. 
insulated  stalagmite  on  the  mud;yyj  sta- 
lactites depeiii ting. from  the  roof. 

"  The  surface  of  the  seiliment  when  the  cave  was  first  opeocC 
was  nearly  smooth  and  level,  except  iji  those  parts  where  it 
regularity  had  been  broken  by  the  accumulation  of  stalagmit 
.above  it,  or  ruitied  by  the  dripping  of  water  :  its  substance  il 
'on  argillaceous  and  slightly  micaceous  loam,  composed  of  sue! 
minute  particles  as  would  easily  be  suspendet!  in  muddy  water, 
and  mixed  with  tnuch  calcareous  matter,  that  seems  to  have 
been  derived  in  part  Ironi  the  dripping  of  the  roof,  and  in  part 

from  comminuted  bones At  about  100  feet  withinj 

the  cave's  moulli  the  sedinientbecame  more  coarse  and  sandy  f, 'I 
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Lccording  to  Dr.  Buckland,  the  following  are  the  animals,, 

rtlie  remains  of  which  were  foiinct  in   Uie   Ktrkiiale  cavern; 

larnii:ora ; — Hyiena,  Tifjcr,  Bear,  Wolf,  Fox,  Weasel,   Pa-\ 

thtfdermata;  —  Elephant,  Uhinoceros,   Hippopotamus,  Horse. i 

tumiuantia  ; — Ox,  and  three  species  of  Deer.     Rodent ia  ;  —  i 

lare,  Rabbit,  Wuter-rat,  and  Mouse.     Birds,- — Raven,  Pi-] 

[jgeon.  Lark,  a  small  species  of  Duck,  and  a  bird  about  the  size] 

fof  a  Thrush. 

From  the  mode  in  which  these  remains  were  strewed  over! 

hhe  bottom  of  the  cavern  when  the  iiiiud  was  removed,  the  great] 

[proportion  of  hya'ua  teelli  over  tliosc  of  other  animals,  and 

[tlie  manner  in  which  many  of  the  bones   were  gnawed  and 

[fractured,   Prof.   Buckland  inferred  that  this  cavern  was  the 

[den  of  hyeenas  durtng  a  succession  of  years  ;  that  they  brouglit 

[in,  as  prey,  the  animals  whose  remains  are  now  mixed  with 

[their  own;  and  that  this  slate  of  things  was  suddenly  terminated 

[by  an  irruption  of  muddy  water  into  the  cave,  which  buried 

the  whole  in  an  envelope  of  mud.  The  inference  of  the  hyaf'nas 

hnving  been   long    resident  in  the  cave,  was  strengthened   by 

the  occurrence  of  their  ta^ces,  precisely  as  would  happen  in  a 

den  of  hyaenas  at  the  present  day.     In  adilition  to  which  it 

J  was  further  observed,  that  many  bones  were  rubbed  smooth 

[and  polished  on  one  tiile,  wliile  the  opposite  side  was  not. 

[This,  Prof.  Buckland  considered,  was  produced  by  the  fric- 

jlion  of  the  animals  walking  or  rubbing  themselves  upon  the 

rbones. 

The  German  caverns  of  Gailenieuth,  Kiilnch,  Bauman, 
r&c.  contain  an  abundance  of  bones,  nearly  iilentical,  accord- 
1  ing  to  Cuvier,  over  200  leagues  ;  by  far  the  greatest  proportion 
being  relerrible  to  two  extinct  species  of  Bear,  Ursus  spcltvus  and 
U.  arctoideiis.  The  renminder  consisted  of  the  extinct  Hyaena 
(ihe  same  as  at  Kirkdale),  a  Feits,  a  Glutton,  n  Wolf,  a  Fox, 
and  Polecat*.  I'iiese  caverns  stj  far  resemble  Kirkdale  cave, 
that  there  is  more  or  less  of  a  stitlagmitic  crust,  beneath  which 
the  bones  are  discovered,  the  stalagniilic  matter  being  Ire- 
nuendy  transfused  through  the  previously  deposited  sediment+. 
There  is,  however,  one  fact  connected  with  these  caverns, 
wherein  they  ditfer  very  considerably  from  the  Yorkshire  cave. 
Jn  the  latter,  no  rolled  [lehblcs  were  observed  ;  while  in  the 
former  they  have  been  noticed  in  some  places.    Thus,  in  Bau- 


•  Sections  of  some  of  tlipse  cnvcs  will  be  foinid  Jn  Prof.  Bucklaiid's  Reli- 
qaise  Diluviuiiir. 

t  Buckliind,  Ili-liquiie  Diluvi.nna>.  According  to  M.  Wagner,  the  Mug- 
gendorf  cnverijs  contnin  the  rpmains  oftlip  I'rsiis  tpflttut,  i'mu  arctoideut 
(Cnv.),  UrtH* prhcmt(Gn]di'.),  I/yrpnaipefepa  (Goldl'.),  Ffli*  tpeltea  (Goldf.), 
Canit  tpefaut  (Goldf,),  Ctnix  minor,  Gulo  uprlretit  (Gn!df.),  a  Crrtmt,  and 
•  Be<. — Wagner,  Lpoiilmrd  and  Bronn't  Jahrbuchfur  Geologie,  &c,  183U, 
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man's  Hohle,  pebbles  of  various  sizes  nre  stated  to  occur 
among  crushed  and  pounded  bones ;  leading  to  llie  presump- 
tion that  the  pebbles  broke  the  bones,  ibr  the  sand  and  mud 
of  the  same  chamber  contain  them  nearly  entire.  It  would 
therefbrc  ajipear  that  water  had  rushed  into  the  cave,  bringing 
with  it  rolled  pebbles  of  the  surrounding  country,  crushing  and 
distributing  the  previously  accumulated  bones.  By  reference 
to  Prof.  Bucklartd's  section  of  this  cave  *,  we  find  the  gorge  of 
Bode  exposes  the  entrance  of  the  cavern,  from  whence  there 
is  a  descent  into  the  chamber  where  the  crushed  bones  and 
pebbles  occur :  so  that  tlie  same  pha?nomena  may  here  be  ex- 
plained by  two  diflerent  bvpotheses  ;  the  one  sujiposing  a  frac- 
ture of  strata  produced  during  a  great  convulsion  |)ermitting 
the  sudden  inroail  of  waters  from  above ;  the  other,  the  gradual 
cutting  of  the  gorge  by  the  river  Bode,  which,  so  long  as  it 
cut  across  the  mouth  of  ihe  cavern,  would  throw  rounded  peb- 
bles into  it,  very  considerable  rushes  of  water  and  pebbles 
taking  place  during  Hoods.  We  thus  obtain  little  inibrmation 
on  the  subject.  The  same  remarks  apply  to  the  caves  of  Ra- 
benslein,  and  others  in  Franconia.  The  Zahnloch  may,  per- 
haps, admit  of  on!y  one  explanation;  for  it  is  described  as 
being  on  a  hill  600  feet  above  the  valley  of  Muggendorf.  'I'he 
ossiferijus  mass  is  stated  to  be  composed  of  "  brown  loam, 
mixed  with  numerous  pebbles  and  angular  fragments  of  lime- 
stone f." 

Be  the  origin  of  the  pebbles,  sand  and  mud,  what  it  may,  it 
&eems  clear  that  the  renmins  of  various  animals  were  enveloped 
by  them  ;  since  wliich,  there  has  been  a  long  continuance  of 
repose,  permitting,  in  most  cases,  the  deposit  of  stalagmite 
upon  the  ossilerous  mass- 

Dr.  Buckland  informs  me  that  Mr.  M^Enery  found  rounded 

Eebbles  of  granite,  of  the  size  of  an  apple,  mixed  with  the 
ones  under  the  stalagmite  in  Kent's  Hole,  Torquay ;  and 
he  states  that  he  has  found  pebbles  of  greenstone,  contpleteiy 
rounded,  in  the  same  place ;  and  that  in  some  parts  of  Kent's 
Hole,  particularly  the  lowest,  the  bone  breccia  is  full  of  frag- 
ments of  grauwacke  and  slate,  some  of  them  rolled,  some  an- 
gular. The  cave  itself  is  situated  in  a  limestone  resting  on 
shale,  and  the  grauwacke  ami  slate  are  rocks  of  the  country; 
but  the  granite  is  at  some  distance,  not  nearer  tlian  Dart« 
moor. 

M.  Thirria  describes  the  Grotte  d'Echenoz,  on  the  south  of 
Vesoul,  near  the  summit  of  a  high  plateau,  between  the  vil- 
lages of  Echinoz,  Andelarre,  and  Chariez  (Haute  Saone),  as 
formed  in  the  lower  system  of  the  Jura  limestone,  or  oolitic 
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up.     The  upper  part  of  this  cave  is  very  irregular,  and  iii 
one  place  (the  Grand  Clocher)  rises  so  hi«jli,  that  there  must 
be  little  space  remainiiiuf  between  it  and  tlie  surface  of  the 
olate&u.     The  bottom  is  not  far  removed  from  a  level,  here 
Kcid  there  interru[)ted  by  stulugmites.     These  stalaginites  are 
^ot  numerous;  but  there  are  some  which  rise  high,  and  cover 
a  considerable  surface.     No  researches  had  been  attempted  in 
this  cavern  previous  to  those  of  M.  Thirria,  in  Auj^ust  1827- 
He  broke  up   the  ground   "at  different  points  of  the  four 
lihambers  of  the  cavern,  and  all  allorded  bones  in  greater  or 
Bfess  abundance.      The  researches  carried  on  in   the  fourth 
chamber  were  the  most  productive,  for  each  blow  of  the  pick- 
axe brought  up  a  bone.     The  depth  at  which  the  bones  were 
discovered,  Varied  from  four  to  thirty-nine  inches:  they  oc- 
curred in  the  midst  of  a  red  clay,  mixed  with  a  great  number 
ptf  rounded  pebbles  with  a  smooth  surface,  the  size  of  which 
often  attained  tlitU  of  a  man's  liead.   They  are  all  composed  of  a 
gray  lamellar  limestone,  re-sembling  that  which  forms  the  sides 
of  the  cavern  and  many  rocks  of  the  vicinity.  Independently  of 
these  pebbles,  which  have  evidently  been  rolled  by  waters,  and 
could  not  have  penetrated  into  the  cave  except  through  some 
Ufissures  in  its  roof  no  longer  visible,  pieces  of  stalugtiles  arid 
Bttalagmites  are  dJscovereil  w^tli  their  angles  worn  down,  show- 
ing that  they  have  been  moved.  The  clay  deposit,  the  thickness 
of  which  does  not  appear  to  exceed  four  feet  three  inches,  is 
nearly  everywliere  coveretl  by  stalagmite  two  or  three  inches 
deep;  and  upon  this  crust,  which  is  muniniillated,  there  rests 
a  bed,  from  four  to  ten  inches  thick,  composed  of  a  clay  more 
unctuous  but  less  red  than  that  situated  bentuth,  and  fretjuently 
'  ijackisli  from  the  remains  of  vegetables,  of  which  it  still  con- 
ins  some  debris.     No  rounded  pebbles  are  found  above  the 
lagniitic  crust,  and  they  are  only  seen  on  the  surface  when 
e  stalagmite  does  not  exist.     Hence  it  appears  evident,  that 
e  ossiferous  clay  containing  the  rouiuled  pebtiies  has  been 
rried  by  the  wuters  and  deposited  in  (he  cavern,  anterior  to 
the  formation  of  the  stalagniitic  crust,  prtiduced  by  tlroppings 
roni  the  roof,  before  the  deposit  of  the  clay  bed  by  which  this 
ust  is  covered*."     M.  Thirria  further  infers,  from  the  rtv 
mblatice  of  these  jjebbles  to  those  of  tJie  transporteil  matter 
termed  diluvium)  in  the  vicinity,  that  the  tntroiluclion  of  the 
bbles  and  clay  mixed  with  the  bones  in  the  Grotte  d'Eche- 
oz  was  conlemporaiieoiis  with  the  transpurt  of  the  diluvium. 
The  bones  were  most  commonly  discovered  beneath  a  certain 
thickness  of  clay  ;  but  in  many  situations  they  occuired  imni&- 
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dintely  beneath  the  stalafrmitic  crust,  and  sometimes  even  en- 
tirely in  it.  "In  general  the  bones  conslituted  a  thickness  of 
about  eigljt  to  sixteen  centimetres  in  the  niitlclle  of  the  clay; 
they  crossed  in  various  directions,  and  covered  each  other 
with  small  intermediate  spaces,  without  having  preserved  their 
relative  position.  They  have  not,  however,  suffered  complete 
dislocation  ;  for  the  dorsal  vertebrae  were  nearly  always  dis- 
covered near  the  skull  and  jnws ;  the  humerus  and  cubitus 
near  the  pelvis ;  and  the  os  calcis,  the  metatarsal  and  meta- 
carpal bones  or  phalanges,  near  the  femurs,  the  tibias  and  the 
cubitus."  The  bones,  examined  by  Cuvier,  were  found  to 
belonjr  to  the  Ursus  spel/nis,  Hi/trna^  Fvlis,  Deer,  Elephant, 
and  Boar;  by  far  the  largest  proportion  belonging  to  the 
Ursus  spdiats  *. 

M.  Thirria  also  describes  the  Grolte  tie  Fouvent,  situated 
at  FiJuvent  near  Chamjilitte  (Haute  Saone).  This  cavern  was 
accidentally  discovered  by  cjuarrying  tlie  rock  in  such  a  man- 
ner as  to  strike  into  a  natural  cleft,  through  which  the  matters 
contained  in  the  cave  are  supposed  to  have  entered,  there 
being  apparently  no  other  aperture.  The  cave  is  considered 
too  small  for  tlie  habitation  of  beasts  of  prey;  its  upper  part 
is  onl}'  about  two  yards  beneath  the  surface  of  the  plateati ; 
and  it  was  completely  filleil  with  bones,  a  yellow  marl,  and 
angular  pieces  of  the  surrouiuling  rock  and  of  those  in  the 
vicinity;  the  whole  mixed  pell-mell,  and  resembling  the  de- 
tritus, termed  thluvium,  covering  many  plains  and  valleys  in  the 
neighbourhood.  A  thin  red  clay  bed  covers  the  bottom  of 
the  cave,  and  a  small  thickness  at  the  top  did  not  contain 
animal  remains.  According  to  M.  Cuvier,  these  remains  be- 
long to  the  Elephant,  Rhinoceros,  Hyaena,  Ursvs  spcUciis, 
Horse,  Ox,  aiul  Lion.  M.  Thirria  remarks  tliat  this  ossife- 
rous mass  merely  recjuires  a  compact  cement  to  become  an 
osseous  breccia. 

A  very  common  condition  of  cavern  bones  is  their  being 
found  mixed  with  angular  fragments  of  the  rock  in  which  the 
caverns  occur.  Banwcll  Cave,  in  the  Mendip  Hills,  i»  a  good 
example  of  a  large  accumulation  of  the  remains  of  UrsuSf 
CervuSy  Bos,  and  other  animals,  with  fragments  of  carbonife- 
rous or  mountain  limestone,  the  rock  in  which  the  cavern  is 
formed.  The  contents  of  ibis  cave  merely  require,  as  M. 
Thirria  has  observed  respecting  that  at  Fouvent,  a  calcareous 
cementing  matter,  to  become  an  osseous  breccia,  such  as  is 
found  at  Nice  and  other  places  on  itie  shores  of  the  Mediter- 
ranean. The  osseous  breccia  of  the  Chateau  Hill  at  Nice 
appears  indeed  to  have  been  partly  a  cavern,  which  has  been 

•  Thirrin,  M^m,  6f  la  Soc.  d'HUt.  Not.  de  Strashourg,  t.  i. 
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quarried  away  l>y  ihe  works  constanlly  carried  on  there.  The 
following  is  a  section,  fresh  wJien  I  observed  it  in  the  winter 
i  of  1827. 

g,  quarry ;  a  a,  hard  brecciated  do- 
[Joraite;  /  / /,  holes  bored  in  the  do- 
lomite by  some  lithodonious  sliell;  i\ 
rounded  pebbles, composed  principally 
)f  rock  fra«jinents  transported  iVotii 
distance,  cemented  by  a  compact 
calcareous  paste;  o,  osseous  bx'eccia, 
iiiited    by   a    reddish    calcareous   ce- 

lent. 
This  section  seems  to  point  to  the 

>IIowing  conclusions: — 1.    An   open 

issure  beneath  water,  the  sides  pierced 

yy  some  borin<T  shell.     The  litliodo- 

lTiou»  shells  bein^r  of  all  a<res,  llie  lime  tloes  not  appear  to  have 

)een  short,     2.  The  lower  part  of  the  (issure  lilleil  by  gravel 

transported  from  a  distance.     3.  The  remainder  oflhe  fissure 

llled  by  llie  broken  bones  of  animals,  shells  (nsarine  and  ter- 

^slrial),  and  fragments  of  rocks,  mostly,  but  not  solely,  those 
»rthe  vicinity.     4.  The  rise  of  land,  or  the  fall  of  the  seat  to 

leir  present  relative  positions. 

Other  osseous  breccias  are  common  in  the  vicinity,  some 
)eing  at  least  500  feet  above  the  level  of  the  present  Mediter- 
ranean ;  the  cement  reddish,  and  often  vesicular;  lire  vesicles 
>eing  lined  with  carbonate  of  lime.  A  portion  at  least  of  this 
>sseous  breccia  would  seem  to  have  been  formed  beneath  the 
Bea,  for  it  contains  marine  remains;  and  among  other  things 
t'lose  of  a  Carj/op/ij/llia  at  Vilhifranca.     Indejiendent  of  the 

ssures  containing  the  remains  of  terrestrial  animals,  there  are 
>lhers,  merely  aflbrding  marine  remains,  which  remains  do 
lot  seem  to  differ  from  the  actual  snhabitanti)  of  the  Mediter- 
ranean, and  the  breccia  appears  to  have  been  coiiLempomneous 
rith  the  osseous  breccias;  the  mineral  compound  in  all  cases 

iking  its  character  from  the  rock  in  which  it  occurs. 

The  osseous  breccia  of  Cagliari,  Sardinia,  occurs  in  clefts 
md  small  caverns  of  a  supracretaceous  rock,  about  150  feet 
ibove  the  sea.      The  remains  of  a  Mj/tilus  are  discovered 

tingled  with  the  other  organic  exuviae*.  Dr.  Cristie  de- 
Icribes  the  osseous  breccia  at  San  Ciro,  near  Palermo,  as  not 
Confined  to  the  cave  itself,  but  as  forming  part  of  the  external 

ilus,  reivting  upon  the  upper  supracretaceous  (teriiar}*)  beds, 

riih  a  thickness  of  about  20  feet.     The  same  author  considers 

lis  deposit  to  have  been  effected  in  water,  aod  to  have  been 
'^Subsequently  raised  above  the  sea,  for  parts  of  the  cavern  are 

•   iJe  In  Mkirmnra,  Journal  ilc  Geologie,  I.  tii.  p.  .'JIO. 
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perforated  by  lithodomous  shells,  remlndiniy  us  of  the  osseous 
breccia  of  Nice.  Dr.  Cristie  also  notices  the  osseous  breccia, 
70  feet  above  the  sea,  near  the  bay  of  Syracuse,  as  containing 
an  admixture  of  sea  shells.  He  infers,  as  the  osseous  breccia 
of  the  Beltemi  Caves,  near  Palermo,  (Joes  not  present  any 
marks  of  having  been  formed  in  the  sea,  and  as  it  rises  100 
feet  above  the  San  Giro  cave,  itself  about  200  feet  above  tJie 
sea,  that  the  breccia  at  Belierai  was  above  the  surface  of  the 
sea  at  tlie  time  that  the  breccia  of  Sun  Giro  was  beneath  it; 
and  that  tlieir  present  heights  mark  the  extent  to  which  the 
tertiary  formation  has  been  raised  al  that  jiart  by  the  great 
ctinvulsiou  which  elevated  ;t  large  part  of  Sicily*. 

Similar  osseous  breccias  occur  at  Gibraltar,  Cette,  Antibes, 
Corsica,  and  various  other  places  on  the  shores  of  the  Medi- 
terranean. The  bones  found  at  these  places  consist,  according 
to  Cuvier,  (besides  those  referrible  to  Horses,  Oxen,  and  large 
Deer,)  of  Deer  of  the  size  of  the  Fallow  Deer  (Gibraltar, 
Cette,  Antibes);  Deer  resembling,  in  their  teeth,  some  in  the 
Indian  Archipelago  (Nice);  a  smaller  species  (Nice);  a  spe- 
cies of  Antelope  or  Sheep  (Nice);  two  species  of  Rabbit 
(Gibraltar,  Cette,  Pisa,  &c.),  one  reserabling  the  common 
Rabbit,  the  other  smaller;  ij/7^o/n^s  (Corsica,  Sardinia);  spe- 
cies of  Mns;  Felts  (Nice);  Cauis  (Sardinia);  Lizard  (Sai^ 
nin);  Land  Tortoise  (Nice), 

M.  Brongninrt  considers  that  many  of  the  pisiform  iron-ores 
which  occur  in  the  clefts  of  some  rocks,  particularly  in  the 
Jura,  are  of  contemporaneous  oritjin  with  the  osseous  breccias. 
In  support  of  this  opinion,  M.  Necker  de  Saussure  observes, 
that  at  Kropp,  in  C.irniola,  clefts  of  rocks  containing  iron-ore 
worked  for  profitable  purposes,  contain  the  remains  of  the 
Ursus  spdanis.  It  also  appears  that  the  remains  of  mammalia 
have  been  discovered  uniler  similar  circumstances  in  the  dis- 
trict of  Wocbein  t-  According  to  MM.  Thirria  and  Walchner, 
there  are  two  de|iosits  of  pisilbnn  iron-ore  in  llie  north-west 
part  of  the  Junt  (Haute  Saone)  and  in  the  environs  of  BAle, 
one  probably  derived  in  a  great  measure  from  the  partial 
destruction  of  the  other,  which  occurs  between  the  oolitic 
group  and  the  supracretaceous  rocks.  The  most  recent  de- 
posit sometimes  cuntains  the  remains  of  llie  rhinoceros  and 
bear,  and  is  consiilered  of  the  same  geological  date  as  the 
osseous  breccias  J. 

There  would  appear  to  be  much  analogy  between  many 

•  Cristie,  Pliil.  Mag,  and  Annals.  Due.  iKtl.  The  bones  from  the  San 
Ciro  cave  wcru  ascertnined  by  Cuvier  to  be  those  of  llic  Elephant,  Htppo- 
polamiu,  Deer,  and  of  aitimuls  of  the  genua  Cauis, 

+  Ann.  des  Sci.  Nat.  Jan.  1829. 

I  M^m.  de  la  Soc.  d'Hist.  Nat  do  Strasbourg. 
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^  ossiferous  caverns,  the  osseous  breccias,  and  some  clefts  con-        ^^ 

taining  iron-ore,  lending  to  the  presumption  that  the  animal 

remains  contained  in  them  liave  been  introduced  under  certain 

I      general  circumstances.      The  great  cleft  before  noticed,   at 

^■Oreston  near  Plymouth,  seems  to  have  been  quite  open  when 

^"  tlie  elephant  and  rhinoceros  remains  were  iutrotluted  into  it; 

the  accumulation  of  angular  fragments,  many  of  them  very 

large,  and  ninety  feet  deep,  having  taken  place  since  the  re- 

I      mains  were  deposited;  marking  no  transport  from  a  distance, 

K  but  a  simple  falling  in  of  fragments,  of  the  same  nature  as  that 

^P  of  the  rock  on  each  side  ("grauwacke  limestone). 

Osseous  breccias,  occurrinfj  under  similar  circumstances, 
are  not  confined  to  Europe,  for  it  now  appears  that  they  are 
discovered  in  Australia.  According  to  Major  Mitthel,  the 
principal  ossiferous  cavil)'  is  situated  near  a  large  cave  in 
Wellington  Valley,  about  170  miles  from  Newcastle,  through 
which  valley  flows  the  river  Bell,  one  of  the  principal  sources 
of  the  Macquarrie.  This  cavity  is  described  as  a  wide  and 
irregular  kind  of  well  or  fissure,  accessible  only  by  ladders  or 
ropes,  and  tlie  breccia  is  a  mixture  of  limestone  fragments  of 
various  sizes,  and  bones  enveloped  in  an  earlliy  red  calcareous 
stone.  Such  of  the  bones,  forwarded  to  Europe,  as  were  in- 
spected by  Mr.  Clift,  were  referred  by  that  anatomist  to  the 
Kangaroo^  IVombat,  Uasyunis,  Kuala^  and  Phalatigista,  all 
animals  at  present  existing  in  Australia.  With  these  were 
found  two  others;  one  of  which,  considered  to  be  that  of  an 
elephant,  was  obtained  in  a  singular  manner  by  Mr.  Kankin, 
who  first  visited  this  fissure;  for,  supposing  it  to  be  a  pro- 
jecting portion  of  the  rock,  he  fastened  the  rope  by  which  he 
descended  to  it,  and  was  only  undeceived  by  the  support 
breaking,  and  showing  it>elf  to  be  a  large  bone. 

Mr.  Pentland  considers  that  the  bones  from  the  Auslraliun 
breccia,  forwarded  to  Paris,  and  examined  by  Baron  Cuvier 
and  himself^  belong  to  fourteen  species  of  animals,  referrible 
to  the  following  genera:  Dasj/urus,  or  Devil  of  the  colonists, 
three  s^iecies,  one  of  which  docs  not  seem  to  difler  from  the 
D.  Alacrounis  of  Geoff Voy ;  Paavielcs,  one  species;  Hypsi- 
prymnuSy  or  Kangaroo  Hat,  one  species;  Macropits,  or  Kan- 
garoo proper,  three  or  four  species ;  Halmaturmy  three  species; 
Phascolonti/Sy  or  Wombat,  one  species;  a  small  animal  of  a 
new  genus,  and  of  die  order  Rodentia ;  Elephant,  one  species ; 
and  a  saurian  reptile  allied  to  the  genus  Gecko.  Of  these, 
three  or  four  oidy  nre  knov\n  to  zoologists  as  recent  animals. 
Mr.  Pentland  found  many  fragments  of  boties  evidentlygnawed, 
and  the  epiphysis  of  the  lotjg  bones  was  always  absent*. 

•  PenUAnd,  Jameioa'a  FAia.  Phil.  Journal,  April  18^2,  and  Jan.  1833. 
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Major  Mitchel  notices  other  and  similar  breccias  on  the 
Mnc(]unrr)e,  eight  miles  N.E.  t'rom  the  Wellington  cavity;  as  ' 
also  at  Horce,  fiity  miks  lo  the  .S.E.,  and  nt  Molony,  tliirty- 
six  miles  to  the  E. ;  the  latter,  according  to  this  author,  con- 
taining hones  appnrently  larger  than  those  of  the  animals  now 
existing  in  the  country*. 

Before  we  conclude  this  suhject,  we  should  notice  an  ossi- 
ferous cavern  on  the  banks  of  the  Meuse,  at  Chockier,  aboi^^ 
two  leagues  froin  Liuge,  which  exhibits  some  curious  circuq^H 
stances.     Fragments  of  limestone,  of  the  same  kind  as  that  i^^ 
which  the  cavern  occurs,  are  mixed  with  some  ijuartz  pebbles, 
and  with  bones,  mostly  broken  ;  the  whole  being  united  by  a 
calcareous  cement.     The  bones  sind  teeth  occur  equally  in  the 
solid  breccia  and   mud,  which,  with  three  beds  of  stalagmite, 
nearly  fill  the  cavern.      It  is  stated  that  bones  were  discovered 
beneath  each  of  these  three  distinct  beds  ofstalafrmite.     The 
remains  belong  to  at  least  fifteen  species  of  animal.^, — ele- 
phant, rliinoceros,  cavern  bear,  hyiena,  wolf,  deer,  ox,  horse, 
&c.     The  most  abundant  being  those  of  bears,  hyaenas,  and 
horses  ■[. 

*  Jameson's  £din.  Phil.  Journal,  1831;   and  Phil.  Mag.  and  .\nna 
June  1831. 

t  Journal  dc  GSulogie,  I.  i.  1830. 
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Section  IV. 


SUPRACRETACEOUS  GROUP. 


Sm.  Superior  Order,  Congb. ;  Tertiary  Rocks,  Eitj/l.  Author* ;  Terrain! 
Tertiarcs,  Fr.  AuUtort;  Tertiargebilde,  Germ,  ^iuthort;  Terrains  Izk- 
miens  Thalassiques,  AL  Brong. 

Prior  to  the  labours  of  MM.  Cuvier  and  Brongniarl  on  the 
country  round  Paris,  the  various  rocks  comprised  within  this 
group  were  geologically  unknown,  or  were  considered  as  mere 
superficial  gravels,  sands  or  clays.  Subsequently  to  the  publi- 
cation of  their  memoir  (1811),  it  has  been  found  that  the  geo- 
logical importance  of  these  rocks  is  very  considerable,  and 
that  they  occupy  a  large  part  of  liie  superficies  of  the  present 
dry  land,  entombing  a  great  variety  of  terrestrial,  tresh-Avater, 
and  marine  remains.  It  was  observed  that  in  tlie  vicinity  of 
Paris,  and  for  certain  distances  around,  the  organic  remains 
detected  in  the  different  betis  were  not  all  marine,  but  that 
fresh-water  shells  and  terrestrial  animals  of  genera  now  un- 
llcnown  were  not  uncommon ;  and  by  prosecuting  the  discovery, 
fit  was  found  that  these  remains  were  deposited  in  beds,  each 
loUiiig  a  certain  place  in  a  certain  series*. 

•  \^'Tiile  these  discoveries  were  proceeding  in  France,  Mr.  William  Smith, 
a  name  that  must  always  be  reinemberecT  with  respect  by  the  geologists 
•f  BritaiD, — was  working  on  more  aucieiit  rotks,  anil,  amid  a  thousand  dif- 
Cculties,  identified  strata  in  variolic  parts  of  England  by  means  of  organic 
YemainB.  It  is  tnie  that  he  did  not  publish  regular  works  until  1815  ;  but 
"it  if  equally  true  and  well  known,  that  fossils  constituted  his  mode  of  tracing 
equivalent  beds  long  previous  to  this  period. 

According  to  M.  Keferstein,  Kuchsel  (a  German  geologist)  had  obsen'cd 
that  certain  bedn  between  the  Hartz  and  Thuringcrwald,  and  around  Rudel- 
»tadt,  were  characterized  not  only  by  tlir ir  mineralogical  structure,  but  by 
their  organic  contents,  as  early  as  17G2  and  1775.  This  is  proved  by  two 
Works  of  Fuchsel,  one  in  1762,  entitled  Historia  TerrcE  et  Marii,  ex  Hintoria 
ThuringiiT  per  Monihtm  Deicriptionem  erecta ;  the  other  in  1775,  entitled, 
Entwurf  xu  iter  a-lU-gten  Erd-und-Menschengetchichle.  Fucliscl  seems  to 
have  determined  the  relative  position  of  the  rocks  now  known  as  the  mus- 
chflkalk,  red  or  variegated  sanJstone,  the  zechstein,  the  copper  slate,  and 
the  rothe  todte  liegende.  His  tlieoreticai  geology  is  remarkable,  and  far 
niperior  to  that  of  Werner,  which  al'terwarda  became  so  prevalent-  "  He 
ilates  tliat  the  continents  were  formerly  covered  by  the  sea  until  after  theft  r- 
tnalion  of  the  miischelkalk:  but  as  certain  beds  only  contained  vegetables 
01  terrestrial  animals,  this  sea  must  have  been  surrounded  by  n  continent 
>nore  elevated  than  it,  and  which  occupied  the  place  of  the  present  ocean. 
Tbu  land  has  by  degree*  been  swallowed  up  by  the  sea.  Debacles  have  often 
curied  masses  of  vegetables  into  the  sea,  which  have  been  covered  by  ma- 


2U 


Supracvelaceous  Group. 


As  might  bave  been  expected  from  their  labours  and  those 
of  Mr.  Smith  on  the  older  rocks  of  England,  the  presence  of 
fossils  in  particulnr  strata  was  instantly  generalized  ;  and  it  be- 
came a  well  received  theory  for  a  considerable  time,  that  every 
formation  or  particular  set  of  beds  contained  the  same  orgaoic 
remaitis,  not  to  be  discovered  in  those  above  or  beneath. 
This  opinion  has  gradually  {^jiven  way  before  (acts;  and  the 
present  theory  stems  to  be,  that  though  certain  shells  may 
not  be  precisfly  peculiar  to  certain  beds,  they  are  more  abund- 
ant in  them  than  in  others,  and  that  the  uniformity  of  organic 
contents  is  greater  as  we  descend  in  the  series  of  fossil iferous 
rocks :  so  that  the  older  the  beds,  the  greater  will  be  the  uni- 
formity over  considerable  spaces;  and  the  newer  the  series, 
the  less  the  ntiiformity.  How  far  this  (tpinion  may  be  correct, 
can  only  be  determined  by  an  accurate  examination  of  rocks 
in  distant  parts  of  the  world ;  and  most  probably  we  shall  be 
indebted  to  the  American  geologists  for  the  first  great  advance 
on  this  subject.  But  while  we  thus  wait  for  information,  ^^ 
may  be  remarked,  that  such  an  opinion  is  not  inconsiste|^H 
with  that  which  supposes  the  world  to  have  once  been  a  heatec^^ 
mass,  which  has  grailually  cooled  at  the  surface.  These  ob- 
servations Itave  been  rendered  necessary,  as,  in  the  group  of 
rocks  under  consideration,  a  great  variety  of  organic  remains, 
in  many  cases  of  a  dilTerent  character,  is  found  in  deposits 
not  far  distant  from  each  other. 

During   the  deposit  of  the  different  rocks  comprehendetl 

line  mud.     Similar  changes  amy  now  tnkc  place ;  for  the  earth  hat  i 
presented phfenomena  similar  to  those  of  the  present  day."     "  He  (Fuch» 
found  that  ic  tlie  fonnation  of  clepoiiitH  Nature  must  have  fullawed  existifl 
laws :  every  deposit  furms  a  stratum,  and  a  suite  of  strata  of  the  same  con? 
yiosition  constitutes  a  fonnation,  or  an  epoch  in  the  liistory  of  the  world  : 
tlie  currents  of  the  ancient  sea  may  bedrttrminedby  the  direction  of  the  for- 
mations.  There  are  many  chemical  deposits  the  formation  of  which  rcmaini 
inexjilicable.     All  the  sedimentary  deposits  have  been  formed  horizontallj, 
and  have  acrommod.ited  themselves  to  the  inferior  surface.     The  inclined 
beds  occur  in  that  position  inconsequence  of  earthquakes  or  oscillations  of  the 
ground,  catastrophes  which  hare  produced  a  considerable  quantity  of  mud, 
which  distinguishes  the  deposits  which  pass  from  one  into  the  other."     (Ke- 
fersiein,  Journal  do  Cieoiogic,  t.  ii.) — The  above  and  other  obsen-ationa  are 
mixed  with  remarks  chaTaetcdstic  of  uw  infant  science,  but  such  remark* 
ore  comparatively  few  in  number.     Altogether,  Fuchsel  seems  to  have  been 
a  very  remarkable  man  ;  and,  as  M.  Kefcrstein  observes,  it  was  little  cre- 
ditable in  Werner,  that  uiiilc  lie  adopted  his  ideas  as  to  strata  and  for 
tions,  he  should  have  followed  them  so  much  less  logicallip. 

It  may  be  here  noticed  that  the  celebr.ited  Dr.  Huoke  also  considet 
highly  inclined  and  verlioul  stnita  ns  so  placed  in  consequence  of  ea 
quakes  ;  for  I  find  by  reference  to  liiose  curious  documeiits,  the   MS.  j 
nuls  of  the  itoyal  Society,  that  he  st.ited  this  opinion  to  the  meeting;  of  thai 
Society  on  .lune  27,  Ififi?  ;  and  ho  further  inferred  that  shells  which  he  had 
observi'd  in  nclilfin  the  Isle  of  Wight,  were  raised  above  the  level  of  th« 
»ea  by  the  some  forces. 
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within   this  group,   the  various  operations  of  Nature  would 

fem  to  have  proceeded,  uninterrupted  by  a  catastrophe  so 
olent,  or  by  any  condition  so  common  to  a  lar^e  surface,  as 
produce  a  deposit  of  similar  substances,  cliaracterized  by 
great  depth  and  b}*  similar  <»rganic  remains,  over  Europe  ;  for 
to  this  comparatively  limited  area  it  would  yet  seem  prudent  to 
confine  our  generalizations.  Under  this,  state  of  things,  springs 
would  deposit  the  different  substances  which  they  are  capable 
of  holding  in  solution:  and  if  the  theory  of  internal  heat  and 
of  a  great  decrease  of  surface  temperature  be  %vell  founded, 
they  would  generally  be  hotter  than  at  present;  i.e.  the  num- 
ber of  thermal  springs  might  be  greater ; — so  far  an  important 
>nsideraiion,  as  perlmps  n>ore  silica  would  be  dissolved  and 

josited  then,  as  indeed  might  be  the  case  with  many  other 
substances  ".  It  may  be  here  remarket?,  that  this  consider- 
ation would  have  weight  throughout  the  deposits  of  an  older 
date;  so  that  the  older  the  class  of  rocks,  the  greater  would 
be  the  probability  of  an  increased  number  of  thermal  springs, 
and  consecjnently,  the  greater  the  abundance  of  the  siliceous 
and  some  other  deposits. 

Whether  this  hypothesis  be  correct  or  not,  it  is  geologi- 
cally certain  that  the  superficial  temperature  has  decreased, 
and,  as  Mr.  Lyell  has  observed,  shows  itself  in  the  rocks  un- 
der consideration,  even  when  the  organic  remains  they  contain 
are  of  the  same  species  of  animals  as  those  wliich  now  exist; 
for  they  are  found,  as  is  to  be  seen  in  Italy,  larger  than  those 
^Biich  live  in  the  neighbouring  seas,  thereby  pointing  out  their 
^n^bablc  growth  beneath  the  influence  of  a  warmer  climate. 

A  dilFerence  in  climate  would  aUo  produce  other  variations 
visible  in  the  supracretaceous  rocks,  as  also  in  those  which 
were  previously  formed.     The  warmer  and  more  tropical  the 

Kimate,  the  greater,  perhaps,  nnght  be  the  evaporation  and 
e  fall  of  rain,  as  also  the  power  of  many  meteoric  agents. 
Consequently,  under  this  hypothesis,  the  earlier  the  deposits, 
^le  more  they  would  present  evidences  of  having  felt  the  in- 
Hkence  of  such  climates.  Tropical  rains  bursting  upon  high 
Hountains  like  the  Alps,  even  supposing  a  |:iortion  of  them 
Hk  to  have  been  so  lofty  as  at  present,  would  produce  very 

■  ■  Tlie  manner  in  wlijch  some  solutions  of  silica  are  eiFectcd  seems  as  yrt 
onesplained.  It  is  well  known  that  the  Grasses,  Canes,  and  other  plants 
of  the  lanic  naturiii  family,  have  nn  external  coating  of  silica, — a  wise  pro- 
"  "on  of  Nature  for  tlicir  protection.  But  the  most  reninrknble  siliceous  te- 
>un  with  which  we  are  acquainted,  seems  to  be  that  which  takes  place  in 
cavities  of  the  Baiuiiuo,  and  is  known  by  the  numc  of  tabwsliter.  Dr. 
inibull  C'ristie  informs  me,  that  the  iahatheer  found  in  the  green  bamboo 
India  i«  perfectly  translucent,  soA,  and  moist ;  but  ihfit  ufter  ha  expu- 
K  to  the  atmosphere  its  moisture  evaporates,  utid  it  becomes  opaque,  h;ird, 
id  of  a  white  or  pray  colour,  such  as  it  njipenrs  when  brought  to  Luropt. 
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diffbrent  effects  from  ihnse  we  noAv  witness  In  the  same  regions. 
Torrents  of  water  would  be  suddenly  produced,  of  which  the 
present  inliabitants  of  those  mountains  have  no  conception; 
and  the  bcnly  of  detritus  borne  down  by  them  would  be  vastly 
greater  than  that  carried  forwartl  by  the  present  Alpine  tor- 
rents, though  tliese  are  by  no  means  inconsiderable.  So  that 
the  differences  produced  on  land  by  the  greater  power  of  me- 
teoric agents  in  warm  regions  should  always,  supposing  this 
hypothesis  correct,  be  taken  into  account ;  })ariicularly  when 
it  is  apparent,  from  a  succession  of  beds  observed  in  the  same 
district,  that  ihe  temperature  under  which  the  deposits  have 
taken  place  has  ri;radually  dimini?>hed.  ^H 

Let  us  now  in()uire  how  (iir  vegetation  could  counteract  tn^^ 
superior  decomposing  and  transporting  power  of  atmospheric 
agents  in  tropical  or  warm  climates.  It  appears  that,  all  other 
circumstances  being  etjua),  the  warmer  the  climate,  the  greater 
the  body  of  vegetation  produced  in  it.  The  question  then  is, 
does  vegetation  protect  land  from  the  dt'slructive  agency  of 
the  atmosphere?  We  can  scarcely  rejily,  except  in  the  affir- 
mative. Indeed,  if  we  wanted  eviiiences  of  it,  we  might  fii 
them  in  the  artificial  mounds  of  earth,  or  barrows,  so  coi 
mon  in  man}'  parts  of  England,  which  have  been  exposed 
the  action  of  llie  atmosphere  in  this  climate  for  about  two 
thousand  years,  anil  yet  have  not  suilered  any  marked  altera- 
tion of  form,  though  only  covcri-d  with  a  short  Itirf  for  at  least 
a  considerable  portion  of  that  time.  Now  if  it  he  admittetl  that 
vegetation,  to  a  certain  extent,  protects  land  beneath  it,  it  wik 
follow  that  the  greater  the  vegetation,  the  greater  the  protec- 
tion j  and  consequently,  that  lantl  is  always  deJended  from  the 
destructive  agency  of  the  atmosphere  in  proportion  to  the  pro- 
tection required.  Without  this  provident  law  of  nature,  the 
softer  rocks  in  tropical  regions  would  speedily  be  washed  away, 
arul  the  soil  would  be  unable  to  support  animal  and  vegetable 
life;  (or  th<»ugli  in  many  tropical  countries  targe  tracts  of  a})- 
parently  Ijarren  wastes  suddenly  seem  to  spring  into  life,  and 
are  covered  with  a  brilliant  green  herbage,  as  if  by  enchant- 
ment, after  two  or  three  days  of  ruin  ;  the  roots,  which  when 
wetted  send  u]>  such  vigorous  shoots,  and  those  of  the  by- 
gone annuals,  whose  seeds  now  develope  green  leaves,  are  mat- 
ted together  in  such  a  manner  as  to  produce  considerable  re- 
sistance to  ilie  destructive  power  of  the  rains*. 

It  is  by  no  meHiis  intended  to  itifer  that  the  degradation  of 
lanil  is  not  greater  in  the  trojncs  generally  than  in  milder  cli- 
mates, but  merely  to  state  that  there  is  a  relative  proportion  of 


•   In  the  snyannali*  of  the  western  world,  there  i»  frequently  very  Ijul* 
vegetation^  mid  the  con^i-qiient  loss  of  surface  is  coiiKideroble. 
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regetable  protection  in  both.  Suppose  a  rainy  season,  such 
is  common  in  the  tropics,  lo  Ijill  on  England  ;  who  would 
loubt  lliat  large  tracts  of  land  would  be  bwred,  and  that  the 
irrows  before  noticed  would  speedily  disappear:  and  that  if 
le  rains  of  the  EntrMsh  climate  were  to  fatl  in  the  tropics,  there 
lid  be  scarcely  such  a  thing  as  vegetation  in  the  lowlands,  the 
i^ater  thus  produced  being  insufficient  to  support  the  tropical 
llants.  The  water,  though  it  might  tend  to  degrade  the  land, 
rould  be  so  speedily  evaporated  that  little  would  be  effected 
that  manner.  The  rains  and  the  vegetation  are  propor- 
ioned  to  each  other  :  but  the  destruction  of  the  land  stiJl  re- 
laius  in  proportion  to  the  quantity  of  rain  and  tlie  superior 
jrce  of  many  meteoric  agents  ;  so  that,  all  other  circumstances 
sing  the  same,  the  heavier  the  rnins,  the  greater  the  destruc- 
jon  of  land  ;  and  coni>equejitly  the  warmer  the  climate,  the 
greater  the  ilegratlation  of  die  hills*. 

It  must  also  be  borne  in  mind,  that  during  the   ej)och   in 
which  the  siiprocrelaceous  rocks  were  formed,  subterraneous 
)rces  would  probably  be  not  less  active  than  they  were  pre- 
riously  or  have  been  since.  We  should  exjiect  to  lind  igneous 
'focks  of  various  kituls  intermixed  with  the  aqueous  deposits; 
[and,  under  favourable  circumstances,  interstratified  with  them; 
pproaching  through  o  succession  of  ages  so  nearly  to  thecha- 
icter  of  modern  volcanos,  more  particularly  as  their  expo- 
lure  to  ordinary  destructive  causes  would  be  gradually  less, 
lat  it  would  be  exceedingly  difiicult  to  say  where  the  modern 
)lcai)0  commenced  and  the  ancient  volcano  ceased.     There 
also  no  reason  why  the  same  vent  should  not  have  continued 
tto  vomit  forth  various  substances  for  a  long  succession  of  ages 
^and  during  various  changes  on  tlic  earth's  surface,  as  has  been 
)reviously  noticed ;  so  that  our  endeavours  lo  classify  their 
)roducts  may  not  be  very  successful.  Great  movements  in  the 
md  may  have  been  effected,  altering  the  general  levels  of  va- 
irious  districts;  and  even  ranges  of  mountains  may  have  been 
I  thrown  up,  producing  consequent  cflects  that  may  have  gready 
|influence<l  certain  deposits. 

It  has  been  observed  that  the  supracretaceous  rocks  present 
luroerous  instances  of  fresh- water  deposits,  scattered  over  a 

M"  tropical  couiilrii's  the  parasitital  .ind  creeping  plniits  entwine  in  every 

ble  direction,  n>  iia  to  rendf r  ihe   furfsts  nearly   iiiipen-ious,  and  the 

r  poMCM  forms  and  leaves  beat  calculateil  to  shoot  otrtlie  licavy  raiiij!, — 

aflbrding  protection  to  innumerable  crcnturc-a  which  ^cek  shelter,  at 

[iBch  Masons,  beneath  them.     The  pattering  of  the  troj)ioal   rains  on  hucU 

fcmtB  IB  heard  at  dixtanccH  wliich  nu  inhabiunt  of  the  temperate  regions 

Would  little  siwjiect,  and  is  particulnrly  striking  to  n  stronger.     Tlic  rain, 

thus  broken  in  its  fail,  is  quickly  absorbed  by  ibcgrunnd  brncath,  or  thrown 

^into  the  drainage  depressions,  where,  it  must  be  confessed,  tlic  torrents  thus 

roduccd  art-  siifSrienth  furious,  and  cause  grcnt  deatruction. 
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considemble  surface, — a  fiict  which  seems  to  point  to  a  Inrg 
continuous  botly  of  land;  in  other  words,  lit  die  presence 
considerable  conlineuis  or  large  islands.  And  this  opinic 
seems  strenjrthened  by  finding  the  remains  of  large  mammi- 
ferous  animals  enlombeil  in  tlie  same  rocks,  which  are  termed 
fresh- water,  because  marine  remains  are  not  delected  in  them, 
their  organic  contents  being  either  the  exuvite  of  animals  of 
which  the  analogous  kinds  inhabit  lakes  or  rivers  at  the  pre- 
sent day,  or  else  ofatiinials  or  vegetables  whose  analogues  ari 
found  only  on  the  dry  lond.     It  is  also  inferred  that  these 
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mains  could  only  have  been  entombed  beneath  deposits 
rivers  or  in  lakes,  whence  also  they  are  often  mimed  lacustrine 
rocks.  Independent  of  these  lacustrine  or  fresh-water  form^^H 
tions,  there  are  others  of  a  mixed  cliaracter,  wherein  the  or^l 
gantc  remains  are  terrestrial,  fresh-water,  and  marine ;  and 
these  are  considered  as  deposited  in  estuaries,  from  analogous 
nssemblages  of  tliis  kind  now  supposed  to  be  tbrmtng  in  such 
situations.  The  rocks  containing  only  marine  remaitjs  speak 
for  themselves:  but  it  by  no  means  seems  to  follow,  that  be- 
cause a  rock  may  contain  terrestrial  or  fresh-water  reniains, 
the  origin  of  the  deposit  is  necessarily  an  estuary;  for  if  ana- 
logies be  always  sought  in  the  present  state  of  things,  we  know 
that  such  remains  are  frequently  carried  far  beyond  the  mouths 
of  rivers. 

It  is  a  common  practice  to  describe  the  supracretaceous 
rocks  as  occurring  in  basins,  such  as  the  London,  Paris,  \'ienna, 
Swiss,  and  Italian  basins:  but  this  term  .seems  often  exceed- 
ingly misapplied ;  for  great  marine  de[>osits  were,  one  would 
suppose,  no  more  liable  to  have  been  formed  in  basins  formerly 
than  now,  when  certainly,  unless  we  often  term  the  great  bed 
of  the  ocean  a  basin,  w?e  should  by  no  means  characterize  the 
deposit  as  taking  place  in  such  a  cavity.  Thus  we  should  ill 
characterize  the  delta  deposit  of  the  Ganges  by  terming  it 
basin-shaped.  It  is  a  common  thing  to  speak  of  the  London 
basin,  wlien  the  supracretaceous  rocks  which  occur  in  this 
supposed  basin,  seem  little  eUe  than  the  continuation  of  a 
great  belt  of  these  rocks  which  extends  through  Euro])e  by  the 
north  of  Germany  towards  the  Biack  Sea.  We  also  liear  of 
the  Isle  of  Wight  basin,  as  if  there  hud  existed  a  separate  ca- 
vity or  depression  in  that  particular  place;  while  there  is  very 
good  reason  for  supposing,  (as  has  been  stated  by  Prof,  Buck- 
land,)  that  the  supracretaceous  deposits  of  London  and  the 
Isle  of  Wight  have  once  been  continuous,  and  tliat  this  con- 
tinuity has  been  destroyed  by  the  upheaving  of  the  chalk  be- 
neath, subsequently  to  the  deposit  of  these  rocks ;  the  inter- 
vening upraised  porticm  havitjg  been  removed  by  denudation, 
nji  has  happened  to  much  thicker  and  harder  rocks.     The 
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same  with  tl>e  Paris hnsin,  which  may  have  cioily  been  connect- 
ed wiili  tl:ost*  nb«iVL-  iii'.Mitinjifcl,  uiul  us  easily  »t'p;irutetl  I'roru 
tlieni,  by  nioveiueuls  of  the  earth,  and  by  denutlntion.  It  may 
therefore  have  happened,  that  these  so-called  basins  were  for- 
merly continuous  portions  of  one  whole,  which  various  circum- 
stances have  disunited,  perhaps  even  during  the  deposit  of  the 
rocks  in  qtiestion ;  their  cotnmencenient  havinnr  been  in  a  sea 
which  washed  the  older  strata,  and  extendetl  from  the  west  of 
Europe,  between  Scandinavia  and  northern  Gertnany,  towanls 
the  Black  Sea.  Outliers  of  these  rocks,  similar  to  those  of 
other  deposits,  are  seen  on  the  hills  in  the  West  of  England, 
attesting  their  elevation,  and  the  denudation  which  has  de- 
stroyed the  continuity  of  their  mass,  and  left  detached  portions 
like  islands  fringin;;  a  continent.  In  consequence  of  the  va- 
rious movements  of  lands,  and  the  denudation  either  conse- 
J|uent  on  them  or  some  other  cause,  the  barriers  of  many  a 
t-esh-waler  deposit  are  removed  ;  and  though,  from  analogy, 
we  consider  them  as  formed  heneatli  the  waters  of  lakes,  we 
are  totally  unable  to  pohit  out  the  shores  of  such  pieces  of 
water.  The  student  should  be  careful  to  keep  this  great  de- 
nudation in  mind,  not  only  as  applicable  to  the  rocks  under 
consideration,  but  also  to  the  various  changes  and  deposits 
that  have  previously  occurred:  indeed  he  may  consider  that 
no  considerable  portion  of  the  earth's  surface  has  ever  remained 
long,  geologically  speakings  in  a  state  of  rest;  but  that  the  rise 
and  depression  of  land,  and  the  removal  of  a  large  proportion 
of  it,  have  been  frer|uent.  Even  in  the  rocks  now  treated  of, 
he  will  be  called  upon  \u  consider  that  there  has  been  an  al- 
ternate rise  and  ilcpression  of  land,  to  account  for  an  alterna- 
tion of  marine  and  fresh-water  deposits;  and  this  \w.  will  per- 
haps be  the  more  ready  to  do,  as  lie  has  aJreaily  seen  lliat  such 
movements  of  the  land  have  hapjiened  at  a  more  recent  period. 
Amid  so  great  a  variety  of  deposits,  attestuig  such  different 
modes  of  formation,  it  is  no  easy  task  to  know  where  to  begin 
in  the  descending  series,  or  what  may  be  precisely  contempo- 
raneous. In  this  difficulty,  perhaps  the  safer  course  is  to  con- 
sider those  deposits  the  must  modern  which  contain  organic 
remains  bearing  the  closer  resemblance  to  the  animals  and 
v^etables  now  existing.  Now  all  the  terrestrial  animals 
found  in  caves  and  super 6cial  gravels,  marls,  and  sands,  what- 
ever may  be  the  theory  formed  to  account  for  their  disappear- 
ance, must  have  lived  upon  lands  existing  at  the  period  under 
consideration:  and  even  supposing  them  in  a  great  measure 
destroyed  by  a  catastrophe,  there  is  nothing  to  prevent  their 
having  been  abundantly  entombed  during  their  residence  on 
the  earth.  For  while  the  extinct  bears  and  hyienas  were  the 
inhabitants  of  caverns,  geiicralion  succeeding  ger.eralion  in 
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their  possession,  the  great  work  of  nature  was  proceeding ;  ai 

the  ele]ilinints,  rhinoceroses,  hippopotnmi  and  other  animalt 
some  of  which  were  dragged  into  the  hyiunas'  dens,  were  pe- 
rishing from  old  age  or  accident,  and  their  remains  included 
in  the  various  deposits  then  forming.  The  same  with  land 
and  fre^h-wnter  niiimals,  marine  remains,  and  vegetables. 

The  nearer  alsoj  judginj'  from  organic  remains,  that  the 
climaies  can  be  considereii  like  those  now  existing,  the  greater 
would  appear  the  probabilitv,  that  the  rocks  containing  them 
occupied  the  higher  part  of  the  supracretaceous  series.    Thas 
in  ihe  tropics  we  should  expect  to  find>  among  the  most  recen^— 
of  these  beds,  remains  analogous  to  those  now  existing  in  sin4fl| 
lar  regions;  while  as  we  approached  each  pole,  we  should  be""' 
prepared  to  discover  organic  remains  corresponding  with  the 
various  latitudes.     As  far  ns  facts  have  yet  gone,  this  would 
seem  to  be  tlie  case;  for  the  fossil  vegetables  founil  in  the  more 
recent  strata  in  the  tropics  are  tropical,  while  those  discovered 
in  contemporaneous  deposits  in  Europe  are  not  so,  but  more 
suited  to  the  climate ;  as,  for  instance,  tlie  vegetable  remains 
of  CEningen  *. 

Should  it  eventually  be  found,  that  the  organic  remains  dis- 
covered in  tropica!  countries  are  always  characteristic  of  such 
climates,  or  of  one  which  may  be  termed  ukra-tropical,  it  will 
go  far  to  prove  that  the  present  equatorial  regions  have  always 
been  under  the  influence  of  considerable  heal,  which,  though 
it  may  have  decreased  with  that  of  the  surface  of  the  world 
generally,  still  produces  a  far  more  vigorous  vegetation  than 
is  to  be  found  in  the  north  or  south.  Should  attentive  exanii- 
nalton.  also  show  that  at  a  certain  term  in  the  series  of  rocks, 
the  nature  of  the  vegetable  and  animal  remains  found  entombed 
in  tlie  tropics,  does  not  point  to  a  comparatively  more  elevated 
temperature  than  a  similar  term  in  a  general  series  in  Europe, 
or  in  any  more  northern  or  southern  lautudc,  it  would  seem 
to  show  that  the  cause  of  this  equal  temperature  has  not  been 
externa]  but  internal;  for,  with  any  arrangement  that  may  be 
made  in  the  relative  positions  of  the  earth  and  sun,  we  cannot 
conceive  one  which  should  produce  an  equal,  or  nearly  eqt 

•  Tlie  most  recent  obaervations  on  the  CEiiingeii  depoMt,  whicb  has ; 
various  times  engaged  tlie  attention  arnaturiilislH,  are  by  Mr.  Murchison, 
who  has  shown  that  it  in  purely  lHeii»trine,  and  formed  in  a  depression  pre- 
viously existing  in  the  Malasse  of  the  disti'ict;  the  deposit  being  aiterwardt 
re-excavatcd  lo  a  eouaiiitrable  depth,  tiuis  ailurding  a  passage  to  the  Rhine. 
Of  the  many  iiistnictivc  rf  mains  detected  in  this  rock,  those  of  a  fossil  fox 
discovered  by  Mr.  Murchison  are  among  the  movt  remarkable,  as.  According 
to  Mr.  Mautellj  they  belonged  tu  an  antntul  which  approached,  if  it  was  not 
identical  with,  tlie  f'ulpes  cummunit.  The  various  organic  remains  are  de- 
scribed a.s  belonging  to  species  undistiiigui.shnble  from  those  now  existing, 
tuid  to  others  decidedly  e.\tiuc(.     Geol.  Trans.,  2nd  series,  vol.  iii. 
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iperature  over  our  spheroid  ;  while  we  might  conceive 
a  state  of  things  possible,  if  an  internal  heat  be  capable  of  pro- 
ducing an  equable  surface  temperature,  independent,  in  a  great 
degree,  of  solar  heat. 

In  the  supracretHceous  rocks  of  Italy  and  the  south  of 
France,  and  probably  also  of  other  Mediterranean  countries, 
there  seems  belter  evitlence  of  the  nearer  approach  of  orcranic 
life  to  tliat  now  existing,  than  has  yet  been  pointed  out  else- 
where, though  other  evidence  is  not  wanting,  indeed,  it  may 
be  exceedingly  diihcult  to  se|inrale  the  actual  state  of  animal 
and  vegetable  iile  from  that  which  preceded  it  in  the  more  re- 
cent deposits  of  Italy,  or  precisely  to  say  when  marine  remains 
similar  to  those  now  existing  in  the  Mediterranean  were  raised 
to  various  heights  above  it. 

In  tlie  nu>re  modern  supracretaceous  deposits  of  the  Apen- 
nines, cojnnionly  termed  Sub-Apennine  rocks,  it  is  well  known 
that  there  is  u  mixture  of  species  such  as  now  exist  in  the 
Mediterranean,  and  of  those  found  in  warmer  climates.  The 
deposit  noticed  by  Mr.  Vernon  in  Yorkshire  may  not  be  far 
removed  from  this  date,  as  land  and  fresh-water  shells  were 
found  precisely  similar  to  those  now  existing,  though  mixed 
with  the  bones  of  elephants,  &c.* 

M.  Deshayes  having  most  attentively  studied  theconchology 
of  the  supracretaceous  rocks  of  Europe,  considers  that  tliey 
can  be  zoologicaily  divided  into  three  groups.  1.  The  more 
modern  group,  including  the  Sub-Apennine  deposits,  with 
many  rocks  in  Sicily,  the  Morea,  and  at  Perpignan,  Of  700 
species  of  shells  found  in  this  group,  more  than  one  half  are 
analogous  to  existing  species.  The  English  Crag  is  included 
in  this  group.  2.  A  group  consisting  of  the  FahJuns  of  Tou- 
line,  and  many  beds  in  Austria,  Hungary,  Poland,  of  the 
Kronde,  and  in  the  environs  of  Turin.  Of  DOO  species  found 
this  group,  161  have  living  analogues.  3.  The  most  an- 
fnt  group,  consisting  of  rocks  deposited  in  the  basins  of 
>n(ion,  Paris,  the  Isle  of  Wight,  and  Valognes,  and  in  cer- 
tin  cantons  of  Bourdeaux  and  Italy.  Of  1400  species  found 
these  beds,  thirty-eight  only  are  analogous  to  living  species. 
The  analogues  of  the  first  group  live  in  the  neighbouring 
«.  Of  the  161  species  in  the  second  group,  the  greatest 
irt  of  the  analogues  are  discovered  in  Senegal,  Madagascar, 
"tod  the  Indian  Archipelago;  a  less  number  in  the  Mediter- 
ranean, and  a  few  only  in  other  European  seas.  Of  the  thirty- 
'  Bght  species  in  the  more  ancient  group,  some  are  found  in 
irious  latitudes,  but  the  greater  portion  within  the  tropicsf. 

•  Phil.  Mag.  ana  Annah  of  Pliilosophy,  1P29— 1830. 
f  Deshayes,  Annalea  dei  8n.  Nat.  1H31, 
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We  should  be  careful  to  recollect,  when  estimating  the 
value  of  tlje  remains  of  any  pnrticiilnr  species  or  genus  of  ani- 
mals foundf  not  only  in  thc»e  deposit^  hut  in  the  fos&iliferous 
rocks  generally,  that  great  variations  are  produced  in  the  kind 
of  animals  inhabiting  the  present  seas,  by  depth  of  water,  the 
strength  of  tidal  streams  or  eiirrenis,  ilie  greater  or  less  ex- 
posure to  heavy  seas,  the  kind  of  bottom  in  particular  situn- 
tions,  and  the  nature  of  the  climate.  We  therefore  cannot,  if 
we  reason  from  the  existing  stale  of  things,  expect  to  find  the 
same,  and  only  the  same,  organic  remains  entombed  in  a  con- 
temporaneous deposit  over  a  consideroble  area;  for  such  » 
supposition  would  infer  precisely  the  same  conditions  over 
the  whole  area,  a  state  of  things  that  cannot  be  considered 
probable. 

According  to  M.  Elie  de  Beaumont,  there  exists  in  the  val- 
leys of  the  Iserc,  Rhone,  Saone,  and  Durance,  a  large  deposit 
of  rolled  pebbles  and  saiid^,  clearly  distinguishable  frora  that 
which  accompanies  the  transported  blocks,  ami  more  ancient 
than  it.  It  is  not  in  geaerat  distinctly  stratified,  but  seems 
rather  to  constitute  a  dt^ep  mass,  sometimes  several  liundred 
yards  thick.  The  rolled  pebbles  can  all  be  traced  to  the  Alps, 
and  are  unmixed  with  the  fragments  of  distant  rocks.  Lignite 
occurs  in  it,  and  njypareutly  bears  the  marks  of  slow  deposit. 
At  one  place,  (Vallon  de  Hoize,  near  Pommiers,)  the  lignite 
is  covered  and  supported  by  rolled  pebbles,  and  is  itself  in- 
closed in  a  fine-grained  and  earthy  bed;  the  carbonaceous 
mass  is  divided  into  even  strata,  between  which  numerous 
shells  of  Planorbes  are  discovered.  M.  Elie  de  Beaumont 
remarks,  that  in  places  where  the  parts  are  slightly  aggluti- 
nated, the  sands,  mixed  with  mica,  strongly  remind  us  of 
those  now  brought  down  by  the  Rhone,  the  Iscre,  and  the 
Durance.  This  sand  sometimes  becomes  marly  and  schistose, 
containing  fragments  of  lignite,  which  often  accumulate  into 
sufficient  masses  to  be  profitably  worked,  the  lignite  being  in- 
cluded between  strata  of  clay,  marl,  or  fine  sand,  alternating 
with  the  rolled  pebbles.  The  lignites  of  Sl  Didier  are  com- 
posed of  the  rtattened  trunks  of  trees,  in  which  the  woody  fibre 
can  still  be  traced.  It  is  considered  that  these  lignites  are 
contemporaneous  with  those  in  Savoy,  at  Novalese,  Barberaz, 
Hisses,  Motte-Serralex,  antl  Sonnaz,  near  Cliambery.  This 
deposit  of  pebbles  and  sands  is  traced  through  the  plain  of 
Bresse;  it  is  observable  in  the  escarpments  of  the  Rhone  be- 
tween the  embouchure  of  the  Ain  and  Lyon,,  with  the  same 
characters  as  are  observable  in  tlie  department  of  the  Isere. 
It  may  be  well  studied  near  Lyon,  and  is  seen  at  the  foot  of 
the  Jura  near  Ap.d>ronny  and  Ambrutrix.  Near  \]o\x  there 
is  a  deposit  of  bituminous  wood,  described  by  M.  Hericarl  de 
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Thurj,  wlio  notices  beneath  a  mass  of  rolled  pebbles  and  ar- 
gillaceous marls:  1.  Blue  Clay;  2.  Lignite;  3.  A  Led  of  peb- 
bles; 4.  Blue  clay;  5.  Lignite;  G.  Blue  clay,  containing  the 
branches,  trunks,  and  roots  of  trees,  more  or  less  well  pre- 
served ;  7.  Red  and  blue  clays;  S.  A  bed  of  bituminous  wood, 
very  thick  and  compuct.  In  the  first  bed  of  lignite  tliere  was 
sometimes  an  admixture  of  pebbles  ;  and  numerous  terrestrial 

rd  fluvifttile  sliells  were  discovered  in  the  mass. 
M.  Elie  de  Beaumont  traces  the  deposit  in  other  directions, 
and  considers  it  may  have  been  one  formed  in  the  waters  of  a 
shallow  lake,  which  existed  subsequent  to  the  elevation  of  the 
lips  of  Savoy  and  Dauphinc,  but  prior  to  that  of  the  main 
chain  from  the  Valuis  into  Austria.      The  various  pebbles 
seem  clearly  to  be  derived  from   llie  Alps,  and  the  diiferent 
lignite  deposits  appear  to  show  tljat  they  were  not  suddenly 
transported  in  a  mass.     It  may  not  therefore  be  unreasonable 
to  inter  that  ihey  were  carried  Ibrward  by  the  action  of  rivers 
from   the  Alps  into  the  situations  where  we  now  find  them. 
The  time  required  for  this  wouki  be  very  considerable ;  but 
rith  llie  lignite  deposit,  as  a  part  of  the  mass,  we  can  scarcely 
efuse  il  a  gradual  fonimtion*. 

The  same  author  points  out  that  this  mass  of  pebbles  should 

lot  be  confounded  with  those  collections  of  Alpine  pebble* 

id  sands  which  constitute  a  very  considerable  deposit  on 

nther  side  of  the  Alps,  known  commonly  by  the  name  of  j 

Sagclfluhe  and   Molasse;  and  which  had  not  only  been  pre- 

riously  formed  and  consolidated,    but  also  upheaved  before 

16  pebbles  and  sands  under  consideration  were  transported, 

These  observations  in  the  same  district  are  highly  miportant; 

>r  it  must  rarely  happen  that  the  Nagelfluhe  and  Molasse, 

[the  pebbles  and  sand  now  treated  of,  and  llie  transported  sub- 

mces  of  the  erratic  block  group,  can  be  distinctly  seen,  as  it 

rere,  togetlier,  under  circumstances  which  mark  their  difler" 

)ce. 

We  should  expect  that,  previous  to  the  supposed  convulsion 
l>f  the  Alps  at  the  erratic  block  period,  such  marks  of  degrada- 
[tion  should  be  everywhere  apparent ;  and  that  the  occurrence 
lof  river-borne  pebbles,  sands  and  clays,  would  be  sufficiently 
tcomaion ;  and  would,  when  not  removed  by  subsequent  de^ 
[bactes,  be  often  found  beneath  deposits  formed  by  such  de« 
[bacles. 

The  precise  age  of  llie  celebrated  Bovey  coal  cannot  at  pre- 
sent be  well  determined,  but  may  conveniently  find  a  place 
here.     A  body  of  water  has  evidently  passed  over  it,  working 


*  Elie  de  Beaumontj  Recherchessur  Us  R§v.  du  Globe ;  Ann.  det  Ssi.  Nat 
1829  et  1830. 
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bollows  in  llie  clay,  and  leaving  a  large  deposit  of  transportt 
substances  in  some  situations.  It  also  appears  to  have  been 
tranquilly  deposited  in  a  previously  existing  depression  at  this 
spot.  The  area  comprisin«j  tlie  smfiice  of  the  deposit  is  far 
more  considerable  than  is  usually  given,  and  it  has  certainty 
once  occupied  a  greater  elevation,  as  a  mass,  than  it  now  does, 
the  upper  portion  having  been  removed  by  denudation.  The 
principal  deposit  ollignite  occui's  near  Bovey  Tracy,  Devon,  at 
the  north-western  end  of  the  deposit.  The  upper  part  is  com- 
posed of  quartzose  sand,  probably  derived  from  the  granite 
country  near,  of  portions  of  rocks  of  the  immediate  neighbour- 
hood, and  of  rounded  pieces  of  clay,  whicli  appear  portions 
of  the  cla3'  that  accoin|ianies  the  Bovey  coal  formation. 

Beneath  about  twenty  feet  of  this  head,  as  the  workmen 
term  it,  there  is  an  alternation  of  compressed  lignites ;  shales, 
or  clays:  the  whole  mass  dipping  at  about  20°  to  the  S.E.  or 
S.S.E.  The  lignite  is  evidently  composed  of  dicotyledonous 
trees,  many  of  which  are  knotted  ;  and  among  them  a  curious 
seed  is  occasionally  discovered. 

Other  similar  parts  of  the  deposit  are  worked  for  profitable 
pur^Joses ;  but  its  most  useful  product  is  a  day  used  in  the  pot- 
teries, in  some  cases  so  fine  as  to  constitute  what  is  termed 
pipe-clay.  Large  tjuantities  of  both  these  varieties  ofchiy  are 
annually  shipped  at  Teignmouth.  Lignite  more  or  less  a<^H 
companies  the  clay  throughout,  occurring,  when  not  in  bediP^ 
as  small  detached  pieces.  Animal  remains  must  be  exceed- 
ingly rare;  for  1  could  not,  after  diligent  search,  obtain  any 
traces  of  them,  though  I  was  given  to  understand  some  shells 
had  been  seen  near  Teignbritlge.  This  <Ieposit  has  been  con- 
sidered as  part  of  the  transported  gravels  named  Diluvium,  as 
also  a  representiitive  of  the  plastic  clay.  It  will  have  been 
seen  that  it  existed  })revious  to  a  g]"eat  transport  of  ])ebbles  in 
this  district;  and  it  seems  more  recent  than  the  plastic  clay, 
as  there  is  good  reason  to  suppose  that  tieposits  of  that  age 
once  covered  the  chalk  and  green  sand,  now  so  extensively 
denuded  in  Devonshire,  as  wilt  be  noticed  hereafter.  And  it 
does  not  seem  Improbable  that  various  undulations  of  this  di- 
strict had  been  formed  subsequent  to  the  deposit  of  the  phisiic 
clay  series;  which  undulations  did  not  very  mulerially  differ 
in  character  from  those  we  now  see,  though  they  may  have 
been  greatly  modified  since.  Now  the  Bovey  coal  deposit 
seems  to  have  taken  place  in  a  kind  of  basin,  after  a  general 
arrangement  of  hill  and  liale  in  the  vicinity  ;  for  it  is  exceed- 
ingly conformable  to  their  windings,  even  seeming  to  run  up 
some  valleys,  as  at  Alter  Mills,  not  far  distant  from  Newton 
Bushel,  where  there  has  evidently  been  an  old  valley  excavated 
in  red   sandstone  conglomerate,  gmiiwat-ke.   limestone,   and 
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grauwacRe  state;  and  in  this  the  alternate  beds  of  llfrnite  and 
clay,  now  worked,  have  been  deposited.  The  deposit  has  evi- 
dentiy  been  at  one  time  more  considerable  in  this  valley,  and 
has  been  denuded;  for  on  Milber  Down  on  the  one  side  of  it, 
and  on  some  hills  on  the  other,  there  are  large  accumulations 
of  sands  and  rolled  flints;  and  although  it  is  possible  some 
portion  of  them  may  be  the  remains  of  the  green  sand,  and  even 
of  tlie  plastic  clay  series^  the  remainder  seems  to  have  formed 
part  of  the  Bovey  coal  deposit.  The  following  is  a  section  of 
these  rolled  flints  and  coarse  sand,  apparently  composed  of 
^riturated  quart/  and  Hints,  and  possibly  also  chert,  on  that 
Ikrt  of  Milber  Down  lacing  Ford. 

a  n,  rolled  flints;  b  b,  coarse  sand. 
The  tJisposition  of  the  two  is  strongly 
characteristic  of  the  unequal  wash  of 
water,  the  velocities  of  which  have  not 
been  constantly  the  same  over  the  same 
spot.     A  similar  mixture  of  the  clay 
and  sand  may  be  seen  near  Aller  Mills. 
On  an  insj^ection  of  the  whole  formation,  there  would,  appa- 
rently, be  little  doubt  that  it  was,  as  before  stated,  deposited 
ll  a  pre-existing  depression  in  a  variety  of  rocks.     The  only 
^Mstion  is, — when  was  this  depression  formed?     For  my  own 
part,  I  should  answer, — after  the  plastic  clay  on  the  chalk  to 
|be  westward  had  been  upheaved.     Without,  however,  the 
Bore  direct  testimony  of  characteristic  organic  remains,    I 
should  give  this  answer  with  much  hesitation,  it  being  one  for 

te  confirmation  or  rejection  of  which  future  obserx'ations  are 
irv  necessary*.     Considering  that  the  relative  age  of  the 
ilfeys  in  this  part  of  England  is  geologically  very  important, 
I  have  been  induced  to  offer  the  above  notice,  as  it  may  lead 

K further  inquiry;  though  the  detail  here  given  somewhat  ex- 
fds  the  limits  that  should  be  assigned  it. 
No  doubt,  future  and  delicate  observations  will  detect  nu- 
merous passages  or  transitions,  in  various  countries,  from  a 
different  state  of  animal  and  vegetable  lite  to  that  which  now 
uats,  more  particularly  In  marine  remains,  not  so  liable  to 

According  to  Mr.  WHleway  and  Mr.  Kingston,  who  hnve  posscMed  the 

It  advantage  of  oontinijed  local  observation,  the  Bovey  dt;posit  cunaisU 

ffly  of  five  clay  bed§,  ant!  a»  many  of  gravel,  the  latter  varying  from  50 

100  feet  in  width.     The  clay  beds  are  described  as  vmdnlaling  like  the 

re«  of  the  gea;  and  it  is  Ntsted  that  beneath  (he  four  more  westeni  beds 

Bovey  coal  is  found ;  whilf  below  the  more  ea.stcm  or  pipe-clay  bed  {fre- 

jndy  worked  to  the  depth  uf  80  feet,)  there  is  sand  and  white  cjuattz. 

iear  the  S.E.  comer  of  Bovey  Heathfield,  (the  name  given  to  this  low  dl- 

■trict,)  the  deposit  ha«  been  bored  to  the  depth  of  200  feet  without  traversiug 

H. — Nat.  Hist  of  Teignmouth,  Tor  Quay,  Dawtitb,  &c. ;  by  Turtoa  mud 

KibntoD. 
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destruction  as  tlie  inhabitants  of  dry  land.  It  was  lonj»^ 
sideied  that  tlve  remains  of  ele]:)i)ants,  rhinoceroses,  and  mt 
tochins  were  confiiied  lo  superficial  gravels  ;  but  we  now  kn< 
that  they  are  entombed  deeper  in  the  series  of  rocks,  and  w« 
inhabitants  of  the  globe  before  tiie  PalcEotherium  and  sor 
other  manimiferous  genera  became  extinct. 

It  was  aLso  once  considered  that  the  supracretaceous  re 
of  Englantl  and  Paris  presented  us  with  all  the  deposits  which 
were  formed  between  the  chalk  and  the  present  times  ;  and  this 
theoretical  opinion  being  stronjrly  impressed  on  the  minds  of 
geologists,  it  was  very  nattirat  that  all  supracretaceous  or  ter- 
tiary deposits  should  be  considered  as  the  equivalents  of  some 
one  or  other  of  those  detected  in  the  Paris  basin.  Such  generali- 
zations of  local  circumstances  are  common  in  the  history  of  . 
geologVi  and  are  such  as  would  be  expected  in  \he  progreii^H 
of  any  science ;  for  until  our  knowledge  of  facts  becomes  extel^H^ 
sive,  there  is  nothing  to  check  such  opinions.  We  must  there- 
fore be  exceedingly  careful  not  to  consider  our  power  of 
checking  such  generalizations,  as  evidence  of  a  clearer  sight 
tliun  those  of  our  predecessors;  while,  in  point  of  fact^  we  are 
merely  in  possession  of  a  greater  mass  of  facts,  and  are  there- 
fore enabled  to  turn  them  to  a  different  account.  Neither 
should  wc  be  unthankful  for  these  generalizations,  for  they 
have  promoted  inquiry,  and  have  probably  contributed,  far 
more  than  we  are  often  inclined  to  admit,  to  that  knowledge 
which  we  irhv  possess,  and  which  permits  us  to  see  that  such 
generalizations  are  untenable. 

The  Italian  de[)osits,  commonly  termed  Sub-Apennine  from 
occurring  at  the  lower  part  of  tlie  Apennines,  have  been  ap- 
pealed to  as  good  examples  of  a  transition  or  passage  from  the 
present  state  of  things  to  one  wherein  animals  were  somewhat  i 
different:  and  this  apfjea!  seems  well  founded  ;  for  among  the 
shells  discovered  in  them,  there  sire  sonte  wlitch  closely  cor- 
respond with  those  now  existing  in  the  Mediterranean ;  while 
there  are  others  whose  analogues  seem  to  live  in  warmer  cli- 
mates, and  many  are  wholly  unknown. 

In  1829,  M.  Desnoyers  endeavoured  to  show,  1st,  That  all 
tertiary  or  supracretaceous  basins  wei'e  not  contemjioraneous, 
but  successively  formed  ami  filled.  2nd,  That  this  succession 
of  basins  may  have  resulted  from  frequent  oscillations  of  the 
soil,  produccil  duiing  tlie  long  series  of  supracretaceous  de- 
posits, by  the  influence  of  volcanic  agents,  then  very  consider- 
able. 3rd,  riint  this  difference  in  the  epoch  of  the  formation 
of  basins  may  allow  us  to  distinguish  m-iny  great  periods  in 
the  supracretaceous  or  tertiary  deposits,  some  stable,  others 
transitory,  iih,  That  each  of  Chese  periods  would  comprehend 
deposits  fonued  in  the  sea,  either  by  the  sea  waters,  or  by  the 
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rivers  ;  and  (jpposits  formed  iit  the  sjinie  time  out  of  the  sea,  by 
J^kes,  therninl  springs,  niid  rivers;  botli  the  one  niid  the  other 
■pTering,  accordtng  to  the  hBsins,  every  jiossihle  variety  of 
^^imenL  5th,  That  the  bnsins  of  Paris,  London,  nnd  tlie  Isle 
of  Wight  only  contain  the  ancient  atitl  middle  supracretuceou!) 
deposits.  6th,  That  the  last  lacustrine  rocks  of  the  Seine 
basin  did  not  therefore  terminate  the  series  of  tliese  rocks,  but 
that  many  formations,  both  marine  and  fresh-water,  have  suc- 
ceeded it  in  other  nnd  more  motiern  basins.  7th,  That  these 
more  recent  formations  appear  to  indicate  at  least  two  periods; 
tawhich  we  may  add  that  witli  which  we  are  contemporaneous. 
8th,  That  all  these  periods  presented,  in  llieir  deposits  and  in 
their  fossils,  a  pro<^ressive  aritl  insensible  passage  from  one  to 
the  other,  from  the  ancient  state  of  nature  to  the  present,  from 
the  more  ancient  suprncretaceou^  basttis  to  the  actual  basins 
of  our  seas.  This  author  also  endeavours  to  establish  other 
tipiiiions,  which  may  however  be  more  questionable  j  but  it 
iieemeil  necessary  to  state  llie  above,  because  there  would  ap- 
pear to  be  much  trutli  in  them,  and  because  he  was  one  of  the 
first  to  point  out  the  [)robable  zoological  passage  of  the  ancient 
supracretaceous  deposiLs  to  the  present  state  of  ihings,  thougit 
he  was  not  the  first,  as  he  himself  remarks,  to  attribute  tne 
variations  observed  in  tertiary  or  supracretaceous  basins  to  the 
differences  produced  by  the  local  action  of  such  causes  as  we 
now  witness,  this  having  already  been  done  by  MM.  Frevosi, 
Doue,  and  other  geologists.  He  also  remarks  that  the  conti- 
nental waters  would  carry  lorrestrial  aiul  fre^jh-walcr  shells 
into  tlie  sea,  together  with  llie  remains  of  the  large  mammalia, 
such  as  the  Elephant,  the  Rhinoceros,  Mastodon,  and  rii[)po- 
potam us,  with  flu viatije  and  terrestrial  reptilesj  which  would 
ihas  liecome  mixed  up  with  Cetacea  and  other  marine  re- 
mains • . 

Without  fill  lowing  M.  Desnoyers  through  many  cases,  of 
Mliich  the  relative  dates  may  be  (|Uestionable,  we  will  proceed 
^»  a  striking  example,  where  there  wivuld  appear  little  doubt 
as  to  the  occurrence  of  the  remains  of  the  large  mamnnferous 
amtnals  buried  in  more  ancient  strata  than  those  noticed  in 
the  erratic  block  group.  There  is  a  mixture  of  the  lemains 
of  Mastodon  and  Pahvoiherium  \x\  the  basin  of  the  Loire,  in 
the  Touraine  falun?.  According  to  ^L  Desnoyers  (he  bones 
are  broken  and  worn,  their  substances  black  and  hard,  often 
siliceous,  and  altogether  resembling,  in  these  respects,  the 
marine  mammalia  which  accompany  them.  The  bones  are 
Mated  to  be  found  in  many  points  of  the  great  faluns  to  the 


I*  Desnoyers,  OIm.  »«r  iin  F.iisi.mble  ilc  Df-pflts  mnriiis  filud  rercnts  que 
"iTerrains  tertiaires  dii  Basiiiii  tic  la  .Soiup;-  Ann.rfcs  Sci.  Not-  IS^a. 
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east  of  Saint  Maure.  Some  are  covered  with  Serpultr  and 
Fltistra:,  showing  that  they  have  remained  as  bare  bones  for 
some  time  in  the  sea.  The  remains  are  slated  to  be  those  of 
the  Mastodon  angusiidensy  Hippopotamus  major  F  II.  mirtutm^ 
Rhinoceros  minutus,  and  also  one  of  the  larger  species  of  the 
Tapirus  gigatiteus,  of  a  small  Anthracotherium,  PaUvotheriun 
magnunif  the  Horse,  of  one  of  the  Rodcntia  of  the  size  of  a 
Hare,  and  of  one  or  two  Deer.  The  same  author  states  that 
a  mixture  of  bones  of  the  Lopkiodon  and  Paltvotheiium,  with 
those  of  the  Mastodon  tapiroidcs  and  middle-sized  Rhinoceros, 
arc  found  accompanied  by  terrestrial  and  fluviatile  shells,  at 
Montabuzard  *. 

It  has  long  been  known  that  at  Mont  de  la  Moliere,  near 
Eslavayer,  Switzerland,  the  remains  of  the  Elephant,  Rhino- 
ceros, Hog,  Hyaena,  and  Antelope  occurred  in  the  molasseof 
that  hillf ;  and  1  remember  having  had  the  remains  of  the 
Mastodon  and  Castor  pointed  out  to  me  by  Professor  Meisner 
of  Berne  in  lfi'20,  as  having  lieen  obtained  from  the  lignite  of 
the  Swiss  mola^se:^,  so  that  the  probable  antiquity  of  these 
large  mammalia  has  been  for  some  time  remarked. 

Mr.  Murctiison  slates  that  at  Georgesgem'und,  near  Roth, 
beds  of  sandy  marl  and  whitish  concretionary  limestone  occur 
in  isolated  patches  on  heights  about  150  feet  above  the  present 
drainage  ol"  the  district.  In  these  beds  are  subordinate  layers 
of  calcareous,  (erruginous,  and  bony  breccia;  portions  of 
which,  collected  by  this  author,  and  examined  by  Mr.  Pent- 
land  and  Mr.  Clift,  were  found  to  contain  the  remains  of  Pfl- 
laoifierium  magmivi ;  Anoplof  her  turn  (new  species);  a  new 
genus  allied  to  Anthracotherium  or  Lophiodon ;  Hippopota- 
mus; Ox;  Bear,  &c.  According  to  Mr.  Murchison,  Count 
Munster  had  previously  collected  nearly  similar  remains  from 
the  same  place,  witli  the  addition  of  those  of  Pahrotheriitm 
Orleani  1  Mastodon  minutus ;  Ehivoceros  pi/gmcciis,  Munst. ; 
Ursus  spdietis^  and  a  small  species  of  Fox  $. 

It  would  appear  that  this  curious  mixture  of  existing  and 
extinct  genera  is  also  found  at  Friedrichsgemiind ;  for  M. 
Meyer  states,  that  a  calcareous  rock  there  contains  the  remains 


•  Desiioyei-s,  Ann.  ilrs  Scicncp«  N«turclk»s,  1S29.  M.  Deinoyeri  has 
inserted  ii  tiibulnr  view  \u  ihe  liiilhnin  de  la  Soci^'te  G^ologiquc  de  FranCT, 
t  ii.  p.  33C,  entitled,  Tlie  Geological  and  (JenfjrBpliical  Uctations,  in  the  Basin 
of  the  Loirp,  of  the  bone  deposits  of  lerrestrial  and  marine  Mainmalia,  and 
Wuviadle  Reptiles,  contained  in  the  marine  tertiarj'  rocks  more  recent  than 
thoie  of  the  Seine,  A'c. 

t  Bourdet  de  la  Nievre,  Sop.  Lin.  de  Paris,  182.'). 

I  Professor  Meisner  liad  printed  a  notice  of  them,  with  a  plate,  in  a  work 
then  in  the  course  of  publication  at  Berne,  but  of  which  the  exact  title  has 
escaped  my  recollection. 

S  Murchison,  Proceedings  of  Geol.  Soc.  May  1831. 
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Mastodon  Arvernensis;  Mast,  angust ideas ;  Paldotheriwn 
Attrelianaise :  Rhinoceros  iticisivus;  Chevroptamus  Saemme- 
ringiii  I^phiodon ;  a  small  carnivorous  animal;  Cervus; 
Tortoise,  &c.  The  ciilcareous  rock  also  contained  the  re- 
mains of  a  Helix*.  The  same  aulhor  also  notices  a  mixture 
of  the  remains  of  the  Mastodon  avgusiidens  ,•  Mast.  Arvernen- 
sis;  Rhinoceros  incisivus;  Lophiodon;  Tapirus  giganteus; 
lliree  sjiecies  of  pig-like  animals;  Cemus:  Gigantic  Pangolin ; 
carnivorous  and  other  animals,  as  discovered  nt  Eppelslieim, 
Hear  Alzey,  Hessef. 

How  far  the  various  deposits,  to  which  the  English  craj{ 
added,  and  which  have  been  referred  to  one  epoch, 
lly  be  contemporaneous,  it  will  probably  require  much 
to  determine;  but  at  all  events  the  tiacts  stated  are  im- 
bortont,  as  they  show  that  the  Mastodons,  Rhinoceroses,  and 
Hippopotami  existed  as  genera  at  the  same  time  with  the 
J^phiodon  and  PaLcotherium,  and  that  the  former  continued 
to  inhabit  certain  parts  of  Europe  when  many  molluscous 
animals  existed,  similar  or  analogous  to  some  of  those  con- 
temporaneous with  ours^eives. 

Great  mammalia  are  stated  to  be  found  in  the  blue  marl  of 
Italy,  at  Peruggia,  Parma,  and  the  Val  di  Metiiuro,  as  also  in 
the  sandv  deposits  of  other  places  of  the  same  country. 

The  Lnglish  crag  occupies  a  surface  with  a  variable  outline 
in  Norfolk  and  Suflblk,  as  will  be  seen  by  Mr.  Taylor's  map, 
and  moreover  appears  to  be  somewhat  changeable  in  its  cha- 
racter.     The  same  author  has  given   sections   of  it  in  his 

Geology  of  East  Norfolk,"  where  it  will  be  seen  to  rest  in- 
differently on  chalk  and  London  clay.  The  following  is  a  list 
of  some  of  its  organic  remains,  as  appears  in  Mr.  Woodward's 
•*  British  Organic  Remains,"  including  the  same  author's  MS. 
notes  on  the  Norfolk  crag.  Polypi  feu:  Turbinotia  scpidta. 
To  this  may  be  atUled  a  great  variety  in  the  possession  of 
Mr.  Taylor.  Radiaria:  Fibuluria  Sttffbkieiisis.  Cibripeda: 
Balantis  crassiis,  B.  tessellatus,  B.  balanoides  ?  (Woodward.) 
Conchifera:  iiolen  siliqua  f  Panopeca  Faujasii,  Mya  are- 
Tuuriof  M.  Pullusy  M.  lata,  M.  subovata,  M.  fnincata  ?  Mactra 
ttrcuatOf   M.  dubiOf   M.   ovalis,   M.  cuneata^   M.  iiiagua^   M, 

isieri  ?  Corbula  complanata^  C.  rotundatUy  Saxicava  ntgosa, 
'etricula  laminnsa^  Tellina  obliqua,   T.  ovata^   T.  obtusa,   T. 
pr^rtcnuis^  Lucina  antiqnata,  h.  divaricata,  Aslartc  plana.,  A. 
antiquala,  A.  obliqttatay  A.  planata.  A,  oblunga^  A.  imbricata^ 

nitida^  A.  biparlita^  Venus  (cqualisy  V,  nutica^  V.  UntiJhrmiSt 
y,  gibbosa,  V.  turgida,  Venericardia  senilis,  Ven.  chanur/orniis, 
y<n.  orbicularis^   Ven.  scalaris,  Cardium  Par/cinsoni,  C.  ann 


•  Meyer,  .\ct«  Aead.  Ceei.  Leop.  C'drol.  Nat.  Cur.  vol,  xv.        \  Ibid. 
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gustatum,  C.  editlinwn,  Isocardia  Cor?  Peduriculus  variahilU^ 
Nttada  Icevigaia,  N.  Cobboldite,  N.  oblongay  Pecieii  compla- 
natus,  P.  sulcattis,  P.  gracilis,  P.  strialus,  P.obsoletus  (3  van), 
P.  Princeps,  P.  grandis,  P.  recondiius,  Ostrea  Spectrum^  Teie- 
bratula  variabilis.  Mollusca:  Chiton  octovalvis?  Detiialium 
costatunh,  Patella  (Vqiialis,  P.  wigiiis,  P.  fen-uginea,  jun., 
Emarginula  crassti,  E.  reticulata,  lufimdibulum  rectum,  I. 
tenerum,  Btdla  coiivoliita,   B.  minuta,  Auriada  pyramidalis, 

A.  ventricosa,  A.  bticcinea,   Paludina  subapnta,   Natica 
pressa,  N.  hcmiclatisn,  N.  cirrijbrviis,  N.  patula,  N.  glaiic 
noidcs   (vnr.),    Act  eon  Noa;   A.  striatus.    Scalar  ia  frondo 
S.  subulata,  S.foliacea,  S.  mimita,  S.  similis,  S.  midticostai 
Trochus  larvigatus,  T.  similis,  T.  concavits  (van),  Turbo  rt4* 
T.  littoreus,   Turritclla  incrassata,   Tur.  punctata.   Tin: 
ata,    Fusus  alveolatus,   F.  cancellatus,   Murex  contrariiiSy 
striatus   (2  var.)»    M.    rugosus   (2  var.)>    M.   costeUifer, 
echinatus,  M.  Penwianus,  M.  torttMstis,   M.  alveolatus, 
corneas,  M.  elongatus,  M.  Pullus,  M.  bulbifotviis,  M.  lapii 

formis,  M.  gibbostis,  M.  avgulatus.  Cassis  bicatenata,  Duccim 
gramdatnm,  B.  rugos'tm,  B.  rcticosum,  B.  tetragonum,  B.  pro- 
pinquum,  B.  labiosum,  B.  sidcatnm  (2  var.),  B.  incrassatum, 

B.  elongatum,  B.  elegans,  B.  Mitrula,  B.  Dalei,  B.  crispatiftn, 
B.  tenentm,  Vultda  Lamberti,  Ovtda  Leath&i,  Cypraa  coccir, 
hides,  C.  retusa,  C.  avellana.  _ 

It  has  been  stated  ttuit  tlie  remains  of  llie  great  mammalia 
are  mixed  with  these  fossils  in  the  crag,  but  it  does  nut  so 
clearly  appear  that  this  has  been  the  case.      According  to 
Smith,  the  remains  of  a  Mastodon  have  been   there  found; 
and  although  the  bones  of  Elephants  and  other  animals  dis- 
covered in  the  transportetl  rocks  above  it  may,  without  great 
care,  be  easily  conlbunded  with  the  fossils  of  the  crag,  there      , 
does  not  appear  to  be  any  good   reason  why  such  remaijl^H 
should  not  l)e  discovered  in  this  rock  as  well  as  in  shiiilar^  ^^^ 
nearly  similar,  strata  in  other  parts  of  Europe. 

The  following  is,  according  to  Mr.  Taylor,  a  section  of  the 
crag  strata  at  Briiincrton,  near  Norwich,  whence  a  large  pro- 
portion of  the  organic  remains  noticed  in  this  rock  have  been 
derived.  1.  Sand,  without  organic  remains,  five  feet.  2. 
Gravel,  one  foot.  X  Loamy  earth,  four  feet.  4.  Red  ferru- 
ginous sanil,  containing  occasionally  hollow  ochreous  nodules, 
one  foot  and  a  half.  5.  Coarse  white  sand,  with  a  vast  number 
of  crag  shells,  one  foot  and  a  half.  6.  Gravel,  with  fragment 
of  shells,  one  foot  antl  a  half.  7.  Brown  sand,  in  which  isf_ 
seinn  of  minute  fragments  of  shells,  six  inches  thick;  fifteen 
feet.  8.  Coarse  while  sand  with  cragshelis,  similar  to  No,  3. ; 
the  Tcllince  and  Muriccs  are  the  most  abundant;  three  feet 
itiid  a  half.     9.  Red  !tnnd  m  ittiout  organic  remains,  Afteeii  fecij 


turn, 
ine^d 


I 


I 


Supraeretaceous  Groitp.  231 

10.  Loamy  earth,  with  hirjje  stones  niul  crag  shells,  one  foot. 

11.  Large  irregular  black  flints  crowded  together,  one  foot. 

12.  Chalk,  excavated  to  the  level  of  the  river*. 

It  will  be  observed  from  this  section  that  the  transporting 
power  of  water  has  been  sufficient  to  carry  coarse  sanil,  and 
even  gravel,  and  that  at  one  time  (No.  7.)  there  has  been  a 
drift  of  broken  shells.  Mr.  Taylor  has  shown  nie  other  sec- 
tions of  the  crag  strata  which  present  those  diagonal  lines  so 
frequent  in  mechanical  rocks  of  all  ages,  where  there  have 
been  irregular  currents  of  water.  I'Voni  this  circumstance, 
and  from  the  variations  in  the  component  parts  of  the  sections, 
there  would  appear  reason  to  believe  that  the  crag  strata  were 
4eposit$  from  irregular  currents  of  water,  varying  in  their 
Velocities  antl  conse(|uent  transjiorting  powers.  With  regard 
to  the  unrolled  chalk  Hints  upon  which  the  crag  strata  rest, 
ihey  remind  us  of  the  atiparenl  dissolution  of  a  portion  of  the 
chalk  in  place,  so  connnoa  over  a  large  part  of  England  and 
France,  previous  to  the  deposit  of  the  supraeretaceous  rocks. 

If  we  look  to  the  Alps,  we  find  oji  all  sides  of  that  chain 
beds  of  various  depths  of  sandstones  and  conglomerates,  form- 
ing a  whole  of  very  considerable  thickness.  If  we  also  atten.. 
lively  examine  the  component  parts  of  the  «>andstones  and 
conglomerates,  we  lind  that  the  liormer  are  generally  mere 
comminuted  portions  of  the  loiter,  and  that  l>otli  have  been 
derived  from  the  Alps,  The  whole  is  evidently  a  detritus  of 
the  Alpine  rocks,  and  in  it  organic  remains  are  by  no  means 
common,  tliough  they  occur  in  certain  situations.  Such  ge- 
neral appearances  would  seem  to  indicate  a  common  origin, 
and  that  origin  to  be  the  Alps  themselves.  Rolled  and  com- 
minuted detritus  of  the  kind  found  may  either  be  derived  by 
the  continued  action  of  what  are  termed  actual  causes,  or  some 
more  violent  exertion  of  forces,  which,  producing  rapitl  motions 
in  water  and  greater  destruction  of  the  land,  should  accomplish 
a  far  greater  quantity  of  work  in  a  given  time. 

It  is  quite  evident  that  in  certain  parts  of  the  Alps,  what- 
ever may  be  the  case  iu  others,  these  detritus  beds  rest  uncon- 
formably  on  many  limestone  and  other  rocks,  of  whicli  some 
may  be  referred  to  the  cretaceous  and  others  to  the  oolitic 
series.  It  also  clearly  appears  that  subsequent  to  their  de- 
posit they  have  been  thrown  up  by  some  force,  which,  from 
the  evidence  of  position  of  strata,  must  have  proceeded  from  the 
interior  of  the  Alps,  as  the  strata  are  tilted  up  from  it  on  either 
side;  it  thus  appearing  as  if  a  force  had  endeavoured  totln-ust 
the  main  body  of  the  Alps  higher  upwards,  and  had  conse- 
<|ueDlIy  U])heavcd  the  lateral  ileposits  of  conglomerates  and 

•  Taylor,  Gcul.  Traiu.  2ud  scricii,  vol.  i. 
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sandstones  with  it     The  two  following  sections,  one  on  tl 
north  side  of  the  main  cbaiii  of  the  liighi  near  Lucerne, 
other  on  the  south  side  of  the  same  chain  near  Cocno,  she 
the  disturbed  appearance  of  the  conglomerates.     Fig.  35. 
from  the  observations  of  Dr.  Lusser;  Fig.  36.  is  a  sketch 
m^'seir. 


»        Fig.  35. 


^/^■/  ^-y::.^y> 


Fig.  26. 

b      b      a  a 


Fig.  35.  w,  Murtel>erg;  r,  Righi ;  a  a^  limestone  and  shales, 
containing  nummulites  and  other  fossils;  6  6,  conglomerate  o^h 
rolled  pebbles,  con>posed  of  pieces  of  pre-existing  Alpine  rockflH 
Fig.  SQ.   a  o,  vertical  or  nearly  vertical  beds  of  gray  limestone 
(containing  much  silica)  covered  by  the  conglomerates  and. 
sandstones  b  6,  also  composed  of  pre-existing  Alpine  rocks 
There  will  be  little  doubt  in  the  mind  of  the  reader,  that  the 
conglomerates  have  been  upraised  since  tlieir  deposit,  and 
even  have  been  thrown  over  at  the  Righi,  if  the  appearances 
between  that  mountain  and  the  Murteberg  may  not  be  caused 
by  a  fault *,     There  is  also  another  curious  fact,  which  is, 
that  limestone  strata  near  Como  have  been  upheaved  before 
the  deposit  of  the  conglonxerate.  ^H 

If  we  transport  ourselves  from  Como  to  the  Maritime  AIpl^" 
we  find  that  these  also  have  been  upheaved  before  the  deposit 
of  the  rolled  fragments,  which  are  clearly  derived  from  the 
high  adjacent  country.  The  rocks  u}ihenved  in  the  vicinity  of 
Nice  are  compact  white  limestones,  with  gypsum,  or  arena- 
ceous limestones  and  beds  charged  with  green  grains;  which 
latter  may,  perhaps,  be  referretl  to  the  cretaceous  group :  but 
there  are  other  rocks  more  eastward  charged  with  Nummulites 
and  other  fossils,  which  may  belong  to  some  deposits  that  will 
be  noticed  in  the  sequel. 

While  on  the  subject  of  Nice,  it  may  be  as  well  to  notice 
the  siipracrelaceous  rocks  of  that  place  generally.  After  the 
more  regular  strata,  before  noticed,  were  upheaved,  the  relative 
level  of  the  sea  and  the  Marilitne  Alps  must  have  been  very 
different  from  what  it  is  at  present,  for  at  the  height  of  1017 
feet  on  the  western  side  of  Mont  Cao  (or  Calvo),  blocks  of 
the  same  rock  of  which  the  mountain  is  composed,  namely, 

*  M.  Ebcl  aBSiired  me  (while  at  Zurich  in  1 82D, )  that  this  overthrown 
cluiracter  wos  inort-  considfroble  in  other  situatiotTs  in  the  Hue  uf  the  Righi: 
it  18  exceeditigly  desirabltf  that  this  sliould  be  distinctly  determined  to  be  alt 
overthrow  of  the  stratii,  and  tiot  a  crcat  longitudinal  fault,  which  might 
cssily  accompiiny  a  great  longitudinal  upiise  of  strata. 
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vhite  compact  limestone  nnd  dolomite,  benr  marks  of  having 
been  pierced  by  iUhoitomous  shells;  and  tliis  has  been  accom- 
plished during  a  period  of  compurdtive  trnnqiiilliLy;  for  thei 
iiragments  of  rock  are  angular,  and  have  evidenlJy  not  been 
^transported  from  any  considerable  distance-     The  same  kind  i 
'  of  breccia  covers  the  side  of  the  mountain,  separating  a  great  I 
linass  of  rolled  pebbles  and  sandstones  from  the  uiuss  of  dis- 
turbed white  limestone  of  which  the  mountain  is  composedi , 
the  blocks  stilt  drilled  with  holesi  as  may  here  nnd  there  be! 
I  observed.     At  the  base  of  Mont  Cao,  and  at  a  place  named' 
tlie  Fontaine  dii  Ten)[)le,  there  is  an  excellent  section  of  this; 
breccia,  where  the  iliniestoiie  blocks  are  angular,  and   some-' 
times  of  large  si/e,  weighing  many  hundred  pounds.     They  I 
are  still  drilled  with  boles,  such  as  are  formed  by  boring  shells, 
jiiud  are  encased  in  a  cement  composed  of  siliceous  grains  ag- 
glutinated by  calcareous  matter.    The  whole  therefbi  e  afipears 
I  like  a  stale  of  repose;    but  if  further  proof  were  requisiLe,  it 
would  be  found  iu  certain  shells  wliich  have  much  the  appear- 
ance of  SjiOHcIi^lit  the  lower  valves  of  which  are  attached  to  the 
blocks,  not  only  near  the  Fontaine  du  Temple  but  higher  up 
Lin  the  mountain,  and  the  cement  has  gently  covered  up  the 
Inest  of  their  tdges.     Now  if  there  had  been  any  considerublo 
[motion  of  the  water,  more  than  is  common  in  moderate  cur- 
[rents,  this  could  not  have  happened  ;  for  die  fine  edges  of  the 
[aliells  (and  they  are  very  fine,)  must  have  been  destroyed. 
If  we  proceed  to  the  shores  of  the  present  sea,  we  also  find 
evidences  of  a  tranquit  residence  of  water  over  the  disturbed 
strata ;  for  beneath  the  Chateau  de  Nice  we  observe  an  open 
:rack  pierced  by  Hthodomous  shells,  and  these  shells  still  re- 
lalning  in  the  holes;  and  we  know  that  this  happened  before 
)e  epoch  when  such  on  abundance  of  rolled  Alpine  pebbles 
iras  carried  over  this  district,  because  we  find  part  of  the  cleft 
illed  up  by  ihern,  burying  many  of  the  holes  and  their  inmates. 
I'Xh&t  this  residence  of  the  sea  was  not  motnentury  is  !>hown, 
as  before  observed  under  tlie  head  of  Osseous  Breccia,  by  the 
different  size  of  the  lithodomous  bhetls  and  holes,  great  and 
imall  being  mixed  with  each  other,  affording  evidence  of  a 
tditterence  of  their  ages. 

In  this  deposit  1  have  only  detected  a  very  large  Pecten, 
jund  also  in   Pieihnont,   the  lithtHtomous  and  other  shells 
jfore  noticed,  tlie  tooili  of  (perhaps)  n  Saurian,  and  some 
[amaller  species  of  Pecten;    but  no  doubt  a  mure  extended 
[aearcli  would  amply  repay  the  geologist. 

Near  the  Fontaine  du  Temple  are  some  gray  marls,  resting 
loD  the  above,  which  probably  constitute  the  base  of  d>e  blue 
[or  gray  marly  clay,  which  next  succeeds  in  the  order  of  super- 
position.    This  clay  contains  a  great  abundance  of  marine 
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remains,  which  have  been  enumerated  by  M.  Ilisso*,  and 
which  many  are  identical  with  those  noticed  by  Brocchi  in 
Sub- Aj>ennines.  With  them  vegetable  remains  are  discover 
but  these  are  rare.  There  is  nothing  in  this  deposit  whic 
does  not  mark  a  continuance  of  a  comparative  state  of  repos 
The  most  delicate  shells  are  well  preserved,  and  all  their  fine 
edges  are  uninjured.  Next  follows  a  very  different  state  of 
thing<i,  one  in  which  pebbles  of  the  Alps  have  been  rounded 
by  attrition  and  conveyed  by  the  force  of  water  over  the  d« 
posits  that  have  been  proceeding  so  quietly.  'I'liis  force 
often  torn  up  the  superficies  of  the  clay  beds,  as  must  nec€ 
sarily  happen,  whether  the  currents  0*1  water  thus  produce 
be  considered  as  the  currents  of  rivers  or  those  of  the  se 
for  the  force  or  velocity  of  water  ciipat)Ie  of  Iransportin};^  pek 
bles  must  necessarily  be  too  {rreot  to  permit  clay  or  marl 
remain  at  rest;  it  consequently  must  cut  it  up,  and  leave 
surface  uneven,  producing  an  irregular  mixture  of  clay,  grave 
and  sand  at  the  line  of  junction.  Now  this  is  precisely  wh( 
it  has  done,  as  may  he  seen  by  tlie  following  section,  which  k 
not  uncommon  in  the  valleys  formed  m  the  supracretaceoii 
deposit  near  Nice,  and  which  only  exhibits  the  unconformabll 
character  of  the  two  rocks,  it  being  almost  superfluous  to  ad- 
duce examples  of  the  mixture. 

Section  of  the  Valley  of  La  Madelaine. 
r  f,  bed  of  the  torrent;  a,  blue  marly  clay  ; 
b  6,   beds  of  rolled  Alpine  pebbles.      This 
gravel  and  sand  deposit  is  of  very  consider- 
able  thickness,    and    dips   gently    seaward, 
sloping  lip  to  the  hills.     It  spreads  out  like 
a  fan,  the  point  or  centre  of  the  radii  being 
inwards  towards  the  nmuntains.     This  form  will  not  help 
in  determining  whether  the  deposit  was  successive  during 
long  series  of  years,  by  means  of  a  liver,  or  was  more  .suddet 
ancT caused  by  more  violent  rushes  of  water.     Be  this  as 
may,  it  is  quite  clear  that  the  causes  which  have  operated  ii 
this  district  have  not  been  always  the  same.     A  {period  of 
comparative  repose  has  been  succeeded  by  one  of  somew hi 
considerable   motion ;  and   if  the  whole  were  considered 
derived  fnim  river  detritus,  we  must  suppose  that  this  nv^ 
was  at  first  by  no  means  rapid,  and  afterwards  acquired  cot 
siderable  velocity ;  that  it  continued  a  quiet  river  for  a  consi- 
derable period,    after  which  it  became  a  rapid  current,    lu 
longer  transporting  mere  argillaceous  and  calcareous  particle 
but  sand  and  pebbles.     The  only  mode  of  r 
ap])earances  with  the  river  liypotmsis  seems  to  be  the  sup[ 
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ilcion^  that  originally,  up  to  and  including  tlie  period  of  the'] 
tlay  with  its  shells,  the  river  was  one  with  a  small  current,  and 
lat  the  silt  was  de|>osited  at  a  distance  from  the  shore; — that 
[the  relative  levels  of  sea  and  land,  owing  to  the  elevation  of] 
[tfje  latter,  were  somewhat  suddenly  changetl,  and  that  the" 
river-course  was  lengthened,  and  the  velocity  of  the  current, 
ffroni  the  increased  declivity  of  the  bed,  became  sufficient  to 
I  transport  pebbles  over  the  clay*. 

Whether  we  admit  this  hypothesis,  or  that  of  a  more  sud-' 
den  rush  of  waters,  a  consttierable  rise  of  lanil  would  seera 
I  requisite,  as  also  that  the  force  was  exerted  between  the  de-" 
Lposit  of  the  clay  and  that  of  liie  pebbles.  If  we  suppose  a 
[sudden  rise  of  land,  causing  a  difference  of  levels,  to  the 
llieight  required,  probably  a  thousand  feet  antl  more,  the  Ixody 
[of  waters  in  the  vicinity  would  be  thrown  into  motion  ;  the 
Iwaves  being  in  proportion  to  the  diblurbing  foi'ce,  and  thtt 
[upraised  and  fractured  land  being  exposed  to  all  its  violence, 
[rounded  pebbles  would  be  formed  in  abundance,  and  th^l 
•uperficies  of  the  clay  washed  into  ine(jualities.  ^ 

It  might  be  considered  from  a  glance  at  the  Maritime  Alps, 
lal  the  clay  and  the  pebbles  alternated,  and  lluit  these  alter- 
[liations  merely  showed  a  deposit  of  one  kiutl  at  one  time,  and 
of  another  deposit  at  another;  and  certainly  there  are  places' 
where  they  tlo  seem  to  alternate  to  a  certain  extent,  particu-i 
larly  at  the  line  of  junction.  This  occurs  at  Viiitimiglia,  where) 
ythe  alternating  clays  contain  organic  remains?  but,  neverthe-? 
[less,  the  base  of  the  deposit  at  that  place  is  clay,  many  hun- 
Ired  feet  deep  (beneath  the  Caste!  d' Appio),  and  the  top  \a'\ 
Ik  mass  of  pebbies.     So  that,  under  either  hypothesis,  we  are 
[compelled  to  admit  a  great  cliange  in  the  velocities  of  walepj 
>assing  over  the  same  situation,  one  from  stow  to  rapid;  andM 
seems  difficult  to  ex|)lain  this  on  any  other  principle  than", 
change,  more  or  less  sudden,  in  the  relative  levels  of  the  se«j 
ind  land- 

This  superposition  of  gravel,  in  wliich  the  rolled  fragmentsij 

ire  sometimes  by  no  means  small,  showirtg  a  considerable^] 

rhange  in  the  velocity  with  which  water  has  passed  over  thef] 

ime  country,  is  not  confined  to  the  environs  of  Nice  and 

^intimiglia,  but  is  to  be  noticed  in  other  situations  between 

lese  places  and  Getion,  and  extends  on  the  other  side  of  thai'] 

tlf  into  other  parts  of  Italy.    The  clay  is  not  always  present, 

lie  causes  that  produced  it  not  having  acted;  but  I  have  here] 

ind  there  observed  fragments  of  rock  beneath  the  mass  of  J 

It  ahoutd  bp  observed,  (bnt  in  certain   situations  the  uiarl  become 
l#renaceous  at  top,  ctianging  into  a  siinil ;  sct?iti:»g  la  jtltO'W  lli.it  tlie  trani 
c|K>rting  power  bud  iiicrca&cd  more-  gradually  in  some  eiiuatiotis  than  in' 
'  otiiere. 
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sand  and  pehbles,  wliicli,  by  their  uiigularity)  posilion,  aiij 
occastotial  inlxttire  vviili  unbroken  tossiiU,  seem  to  show  thi 
they  have  not  pai'ticipated  in  tbe  transport  of  rolled  pebbleij 

If  we  enter  the  botly  of  Italy,  and  continue  towards  Florenc 
and   Rome,  we  find  a  series  of  sands,  marls  or  clays,  whic 
contain  many  ol'  the  organic  reindiiis  of  the  Nice  rocks,  and 
were  probably  contemporaneous  with  them ;  and  we  may  here 
also  observe  a  cliange  in  the  velocity  of  the  water  which  has 
deposited  the  <lifleret)t  substances.    Thus  between  Sienna  and 
Florence  we  shall  observe  a  succession  of  clay  or  marl,  sand 
and  pebbles,  the  latter  particularly  abundant  on  the  approach 
to  Florence,  and  apparentl}'  constituting  the  upper  beds.     U 
would   therefore   appear  that  the  pht^enoniena  noticed   near 
"Nice  are  not  altogether  local,  though  they  may  be  modifie  ' 
by  local  causes,  but  somewhat  general.    Indeed  the  structui 
of  many  rocks  on  the  other,  or  Adriatic  side  of  the  Apenninc 
shows  that  they  merely  form  a  part  of  some  great  whole,  if 
look  at  their  mode  of  deposit,  even  independent  of  organic^ 
remains,  which  are  found  closely  to  agree.   It  would  no  doubt 
be  easy  to  state  generally  certain  facts  that  may  be  observed 
in  the  great  gulf  of  supracretaceous  rocks  which  extends  int^^ 
the  northern  part  of  Italy,  between  tlie  Apennines  and  Alp^^f 
and  thus  to  present  an  appearauce  of  knowledge,  and  tui  inti^^^ 
mate  acquaintance  with  the  whole  mass.   The  more,  however, 
I  have  looked  into  parts  of  this  mass,  the  more  I  am  convinced 
that  our  knowledge  of  those  data,  that  we  ought  to  possess 
before  we  generalize,  is  imperfect.     Certainly  the  Sub-Apeq^H 
nine  marls  and  sands  preserve  a  general  character  down  ih^™ 
whole  range  of  the  Apennines  into  the  Adriatic,  and  from  the 
abundance  and  nature  of  their  fossils  have  attracted  consider- 
able attention  ;  but  their  various  connexions  with  other  rocks, 
more  particularly  with  those  beneath  them,  and  these  again 
with  others,  yet  requires  much  attention,  judging  at  least  from 
published  documents.     If  the  geologist  would  make  a  careful 
section  from  Rimini  to  Foligno,  on  the  road  to  Rome,  over 
the  Apennines,  he  would  find   much  to  reward  his  labours; 
or  if,  instead  of  pursuing  the  high  road,  he  were  to  keep  the 
coast  from  Ancona,  anil  observe  the  various  rocks  as  they 
successively  plunge  into  the  Adriatic,  and  thus  avail  himself  of 
coast  sections,  he  would  be  rendering  good  service  to  science. 
He  would  find  ihe  white  limestone  of  the  main  chain  contorted 
and  twisted  in  every  direction,  and  many  of  those  rocks  which 
rest  upon  it  not  tiiiite  so  quietly  arranged  upon  it  as,  theo- 
retically, tliuy   ought  to  be.      He  would  also  observe  some 
curious  instances  of  dcnuidation  in   the  more  modern  rocks, 
prwlucing  numerous  isolated  and  steep  hills,  crowned  by  towns 
and  villages,  the  pictuiesque  arrangement  of  which,  if  he  ' 
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Isb  nn  admirer  of  benut'iful  scenery,  -wili  add  not  a  lUtle  to 
le  pleasures  of  his  journev- 
In  the  basin  between  ibe  Jura  and  Alps,  in  Switzerland  and 
'Aence  into  Austria,  there  are  immense  accumulations  oi^ rolled 
pebbles  and  sands,  known^  generally,  by  the  names  of  Nagel- 
i^iiuhe  and  Molasse,  the  whole  composed  of  Alpine  detritus, 
^pnd  entombing  terrestrial,  fresh-water,  and  marine  remains. 
BVarious  artificial  divisions  have  been  made  in  this  mass,  and 
Pbarts  of  it  have  been  considered  equivalent  to  deposits  in  the 
Paris  basin,  i.  f.  of  contemporaneous  formation  with  tliem» 
M.  Studer,  who  has  examined  thi^  mass  in   Switzerland  with 
considerable  attention*,  agrees  with   M.  Brongniart  in  refer- 
^ring  the  molasse  to  an  epoch  posterior  to  the  gypseous  deposit 
Hof  the  Paris  basin.     To  whatever  relative  age  parts  of  thii 
^pnass  may  be  referred,  the  mineralogical  character  of  the  ac- 
Ktumalation  would  seem  to  show  that  it  wa^,  as  a  mass,  pro- 
duced by  nearly  similar  causes,  such  as  eOeeted  a  degradation 
mjofy  and  a  transport  from,  the  Alps. 

The  pebbles  are  generally  of  that  magnitude  which  it  would 

•quire  water  moving  with  considerable  velocity  to  transport. 

"^e  therefore  should  inquire  what  current  or  currents  would 

able  to  produce  ihe  effects  required.     If  we  can  obtain  a 

>rubable  explanation  of  the  maximum  effects,  we  may  perhaps 

irch  for  the  minor  effects  in  n  less  intense  exertion  of  the 

^"saroe  forces,     M.  Studer  considers  that  there  is  evidence  of] 

the  more  recent  beds  being  furthest  from  the  Alps,  and  nearest 

the  Jura;  this  is  precisely  what  would  be  expected   either 

5y  the  hypothesis  of  the  continued  action  of  meteoric  causes, 

by  that  of  a  series  of  debacles  from  the  Alps.     If  rivers 

lave  effected  the  transport  of  the  pebbles,  they  must,  front 

le  size  of  the  pebbles,  have  had  considerable  velocity.     We^ 

should  expect  the  rivers  to  push  forward  their  detritus  into 

the  great  basin  between  the  Alps  and  the  Jura:  but  being 

(«nce  free<I  from  the  high  mountains  and  their  rocky  channels, 
they  would  endeavour,  as  all  rivers  do  when  not  cut  off  by 
Jrapid  tides  and  currents,  to  produce  deltas,  and  these  might 
at  first  cause  mixtures  of  gravel,  sand  and  clay  ;  but  the  more 
they  were  advanced,  the  greater  would  be  their  tendency  to  a 
horizontal  arrangement,  and,  consequently,  the  less  the  velo- 
city of  the  current,  and  the  smaller  the  transporting  power. 
Therefore  the  same  river  which  could  once  carry  large  peb- 
bles to  the  sea  would  after  a  lapse  of  time  be  unable  to  do  so, 
unless  an  elevation  of  the  mountains,  whence  it  flowed,  should 
cause  a  new  system  of  levels,  and  the  river  thus  acquire  in- 
creased velocity,  transporting  pebbles  over  the  ground,  which 
it  formerly  only  covered  wiiii  silt  or  sand.   The  question  then 

•  Monogiaphie  der  Molnssf :  Berne,  lS2.'i. 
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arises,  Will  the  height  of  the  Alps,  compared  witli  the 
stance  from  these  ninuntains  at  which  large  pebbles  are  Ibimi 
}>erinii  us  to  consider  the  tninsport  of  these  pebbles  possi 
by  rivers?  In  (iiisweriiig  drisj  we  must  be  careful  to  excla 
those  superficial  gravels  scattered  over  tfie  lower  lands,  and 
down  the  great  valley  of  the  Rhine,  the  transport  of  which  it 
seems  difficult  to  conceive,  except  by  means  of  water  moving 
with  a  greater  velocity,  and  in  a  greater  body,  than  any  river 
flowini^  ironi  the  Alps  could  possess.  We  ifhould  only  con- 
sider those  sand-  and  pebble-beds  which  constituted  the  hiHs 
on  the  outskirts  of  the  Alps  before  they  were  denuded  as  we 
now  see  them.  To  do  this  fairly  would  ref]uire  some  ex- 
ceedingly delicate  calculations;  and  we  should  remember  that 
the  warmer  the  climate  the  higher  the  line  of  perpetual  snow, 
and  consequently  the  greater  would  be  the  fall  of  the  running 
waters.  On  the  river  theory,  we  shall  also  have  to  account 
for  the  extraordinary  e{|na!ization  of  the  Alpine  pebble-beds, 
and  their  general  resemblance  throughout  so  long  a  line  of 
country, — a  somewhat  difficult  task;  for  if  rivers  formed  the 
mass,  each  river  would  transport  its  own  detritus  and  push 
this  forward;  and  though  their  various  deltas  miglit  ultimately 
meet,  there  would  be  no  stratification  common  to  the  whole 
mass,  but  one  peculiar  to  each  delta.  The  older  or  first  trans- 
ported Alpine  detritus,  marking  the  commencement  of  this 
great  degradation  of  the  Alps,  rests  remarkably  even,  ovi 
considerable  spaces,  on  the  rocks  beneath  them,  which 
scarcely  consistent  with  their  delta  or  river  formation.  Th 
these  latter  now  form  as  much  a  part  of  the  great  transverse 
valleys  as  any  rock  beneath,  rising  to  the  height  of  several 
thousand  feet,  is  no  objection  to  the  river  hypothesis  ;  for  the 
causes  which  upheaved  the  Alps  would  upheave  these  beds 
with  the  rest,  ami  tliey  would  be  traversed  by  the  Iransvers 
cracks  equally  with  the  lower  rocks. 

Upon  the  hypothesis  dial  the  pebbles  and  sands  have,  in 
great  measure,  been  transported  from  the  Alps  by  debacl 
caused  by  movements  in  the  Alps  themselves,  which  produced 
corresponding  agitntioii  in  the  seas  that  bathed  their  sides,  it 
is  not  required  that  these  mountains  should  have  been  so  lofty 
as  seems  necessary  under  the  river  hypothesis;  and  the  whirl- 
ing of  the  waters  and  currents  produced,  might  equalize  the 
detritus  in  beds, — not  only  that  detritus  which  might  be  broken 
away  during  a  convulsion,  hut  ail  that  previously  formed  by 
the  rivers,  and  on  the  beaches  and  deltas,  which  would  give 
way  before  the  force  emjiloycd. 

While  on  this  subject,  let  us  for  a  moment  consider  tlie 
Swiss  lakes,  which  occur  precisely  where  they  !?hou!d  not,  if 
rivers  are  to  be  considered  the  only  excavating  forces. 
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ike  of  Constance  is  contained  in  the  rocks  under  considera- 
tion ;  the  lake  of  Geneva  partly  in  them,  and  partly  out  of  j 
iheni  in  older  rocks ;  the  lake  of  Lucerne  the  siune ;  and  the 
jiske  of  Neufchatel,  witli  one  of  its  sides  bounded  by  the  Juro^ 
ind  the  other  by  the  niohisse  and  nagelfluhe.   No  supposition  | 
)f  river  excavation  can  meet  these  cases ;  for  the  moment  the 
(velocity  censes,  then  will  the  excavating  power  cease  with  it; 
land  we  cannot  conceive  a  river  cutting  out  a  deep  basin 
[bounded  on  all  sides  by  equal  levels,  the  drainage  of  which  is 
[nearly  on  a  level  with  the  entrance  of  the  river  into  the  basin ; 
[but  under  the  hypothesis  of  a  mass  of  waters  thrown  Into 
lagitatiun,  the  difficulty  dues  not  appear  to  be  great;  for  amid 
[the  various  whirls  and  great  eddies  of  water,  inequalities  of  | 
|iall  kinds  must  be  formed;  and  although  the  depressions  may 
[appear  to  us  considerable,  they  are,  when  compared  with  the 
jeneral  superficies  of  ianti,  triHing.     If  we  suppose  a  hotly  of 
maters  suddenly  poured  out  of  the  great  transverse  valleys  of 
llhe  Alps,  it   would   have  a  tendency  to  cut  up  the  ground 
Where  first  discliarged  upon  the  low  lands,  bctbre  it  had  lost 
kits  great  velocity.     I  admit  that  this  supposidon  does  not  ac- 
icount  for  all  the  difficulties;  indeed  the  present  remarks  are 
^merely  made  to  call   attention  to  the  subject,  for  the  lake  of 
Constance  is  not  close  to  the  valley.    The  position  of  the  lake 
\ot'  Neufchatel  is,  however,  not  inconsistent  with  the  idea  of  a 
moss  of  water  striking  the  sides  of  the  Jura.    The  lake  is  un- 
equally excavated;  and  during  some  soundings  which  I  once 
made  upon  it,  I  found  a  hill  in  the  middle,  but  a  few  fathoms 
beneath  ihe  surface,  and  with  a  steep  escarpment  on  one  side*, 
.These  remarks  on  the  hikes  amid  the  rnigelHuhe  and  molasse 
'have  been  introduced  merely  to  show  that  otiier  excavating 
forces  than  those  of  rivers  would  seem  necessary  to  explain 
some  phffjnomena  now  observable  in  this  district;  and  that  if 
»uch  forces  have  once  acted,  there  tloes  not  appear  any  reason, 
from  the  nature  of  the  country  generally,  that  they  may  not 
have  acted  at  other  times. 

In  many  parts  of  the  mass  there  would  appear  evidence  of 
a  quiet  deposit,  as,  lor  instance,  the  deposits  of  lignite,  such 
as  those  of  Ka;plnRch,  which  cotilnin  the  renuiins  of  the  Mas- 
totion  angttstiilensy  a  Rhinoceros,  and  a  Caslor.     One  of  the 
plants   is  noticed   under  the  name  of  Endogeniies  bacillaris,^ 
vOther  lignites  occur  at  Lausanne,  Vevay,  Ugg,  &c.,  and  occuri 
^En  the  lower  part  of  the  molasse;  Flabelluria  Sc/dofJieimit  being,^( 
^naccording  to  Brongnintt,  found  in  that  of  Lausanne.    The  re>| 
^Bpains  of  the  PaLcuificrium  have  also  been  discovered  it)  tliaj 

^^v  *  This  may  be  n  parttaii  ot  the  mare  solid  rack  of  iKe  Jura,  close  to  it 
wliieli,  being  harck-r,  better  restated  the  excnVAting  Bction  than  the  mora 
easily  remuved  sand»  end  pc-bblea. 
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molasse  usetl  for  buUdin^r,  near  the  lake  of  Zurich.     Tbj 
remains  would  appear  to  fjoiiit  to  a  pericHl  when  a  part  of 
deposit  was  forming  quietiy,  mid,  if  fresh-water  remains  l)€ 
alone  mixed  with  them,  as  is  stated,  by  means  of  fresh  water. 

The  upper  parts  of  these  rocks  appear,  however,  more  de- 
cidedly to  mark  the  presence  of  the  sea;  for  they  contain  ma- 
rine remains,  such  as  Turritella  imbricataria,  Lam.,  T.  Te- 
rebrOf  Broc.,  T.  triplicata,  Broc,  T.  stibangidata,  Broc,  Xa- 
tica  glaiicina^  Lam.,  Mitra  mitrtpjormis,  Broc,  CanceU/iria 
cassideOf  Broc,  Bnccinnvi  con-ugalum^  Broc,  Ceritkium  Lima, 
Brug.,  C.  qtuxdrisulcatuniy  Lam.,  Murex  rugosus,  Sow.,  M.  vii- 
nax,  Pyrtda  ^coides  {Buila  JlcoidrSy  Broc),  Ostrea  virginica, 
Lam.,  O.  editlina,  Sow.,  Pccten  lutis&imus^  Broc,  P.  medius, 
Studer,  Meleagrina  margaritacea^  Studer,  Area  antiqimla^ 
Lam.,  Cardium  edulinum.  Sow.,  C.  oblongum^  Broc,  C.  semi' 
grawdatum^  Sow.,  C,  hians^  Broc,  C.  dodiense,  Broc,  C.  iru/- 
ticostatum,  Broc,  Tell  Ina  turn  id a^  Broc,  Fenus  Isl^indica,  Lam., 
Venus  rusttcfi.  Sow,,  Astarte  excavaia.  Sow.,  O/therea  convexa^ 
Brone.,  Corbula  GalJica,  Lam.,  Panopiva  Faujasiif  Solen  Va- 
^ina,  Lam.,  S.  stn'gilatus,  Lam,  (analo^e  now  living),  S,  Le- 
gumeUf  Linnaeus,  Balanns  perforatris,  Studer*. 

Prof.  Sedgwick  and  Mr.  Murchison,  in  describing  the  con- 
tinuation  of  these  rocks  on  the  flanks  of  the  Salzburgh  and 
Bavarian  Alps,  mention  great  alternating  masses  of  conglo- 
merate, sandstone  and  marl,  north  of  Gmunden ;  and  still 
further  north,  in  the  higher  part  of  the  series,  beds  of  lignite. 
Detailing  the  section  of  the  Nesselwang,  they  state  that  the 
lowest  supracretaceous  or  tertiary  strata  are  of  great  thickness, 
and  are  applied  vertically  against  tlie  Alps.  The  conglome- 
rates are  mentioned  as  extremely  abundant,  the  molasse  and 
marl  being  entirely  subordinate  to  them.  According  to  these 
authors,  there  are  three  or  four  distinct  lines  of  lignite,  sepa- 
rated from  each  other  by  thick  sedimentary  deposits.  Hence 
they  infer  that  the  presence  of  lignites  alone  is  unimportant, 
as  these  occur  in  very  different  situations.  In  a  section  taken 
through  the  hills  at  the  east  end  of  the  lake  of  Constance,  the 
lower  pan  of  the  supracretaceous  or  tertiary  system  is  de- 
scribed as  composed  of  green  micaceous  sandstone,  in  which 
beds  of  conglomerate  are  subordinate,  and  it  is  considered 
identical  wiln  the  molasse  of  Switzerland.  The  conglomerates 
allernating  with  greenish  sandstone  and  variously  coloured 
marls  are  noticed  ns  forming  the  upper  supracretaceous  group, 
and  composing  the  mass  of  the  mountain  ridge  extending 
northwards  from  Bregenz.  Supracretaceous  rocks  are  no- 
ticed in  the  valley  of  the  Inn,  containing  coal,  worked  for  pro- 
fitable purposes,  thirty-four  feet  thick,  near  Haring.     The 

•  Brongninrt,  Tableau  Act  Tprrnins  qui  coiiiposent  I'Ecorce  du  Globe. 
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coal  is  tlescri!)e«l  as  accompntiietl  by  fetti!  marls  variously  in- 
ciiiratfii.  Ill  ihf  coal  and  (iverlying  beds  iliei-e  nre  many  ter- 
restrial and  Hiiviaiile  shells,  and  also  in  the  latter  be<ls  nume- 
rous impressions  of  dicotyledonous  and  oilier  phiiits.  .Several 
marine  shells  are  discovered  in  these  strata.  The  authors  con- 
sider that  the  various  sections  which  they  observetl,  prove  the 
comparftijvely  recent  elevation  of  the  neighbouring  Alpine 
chain;  and  the  more  recent  supracretaceoiis  deposits  noticed 
by  them,  bear  the  same  relation  to  the  nei}»hl)ouring  Alps  as 
the  Sub-Alpine  rocks  in  Northern  Italy  do  lo  the  hi|rhinoiin- 
tains  near  them;  whence  lliey  inter  that  the  northern  and 
western  basins  of  the  Danube,  and  tlie  supracrelaceous  basin 
of  the  Sul>Alpine  and  ^)ub-Apennine  regions,  have  been  left 
dry  at  the  same  period*. 

According  to  Prof.  .Sedgxvick  and  Mr.  Murchison,  the  su- 
pracrelaceous rocks  of  Lower  Styria  consist,  in  the  a.scending 
series  of  a  section   from  Eil>eswaki  to  Radkershnrg, —  1.  Of 
micaceous  sandstones,  grils  and  conglomerates,  ilerived  fr<mi 
the  slaty  rocks  on  which  they  now  resl  at  a  highly  inclined 
angle.     2.  Of  shale  anil-  sandhtune  with  coal.     At  Scheineck, 
where  the  coal  is  exlcnsively  worked,  it  contains  bones  of 
jtfithracothrrin^  and  in  the  shale  Gijroganitrs  [C/iara  tnhercu- 
iata  of  the  Isle  of  Wight),  flattened  stems  of  arundinaceoiis 
plants,  Ci/ptiSf  rahuJitur,  fihh-scales,  &c.     8.  Of  blue  niariy 
shale  and  sand.    4.  Of  conglomerate,  with  micaceo-calcareous 
sand  and  millstone  conglomerate,  occupying  the  whole  hilly 
re^on  of  the  Sausal.     5.  Of  coralline  limestone  and  marl. 
The  organic  contents  of  this  rock  are  stated  lo  be, — many 
corals  of  the  genera  Astrra  Jiiul  Flustra  .-   Crnstacra  ,-  Balanus 
crassus-,  Coitus  ^Jldrovnndi^  Feclen  htjnmatus,  F/iokis,  Fistulana, 
&c     The  authors  refer  this  rotk  to  the  epoch  of  the  Sub- 
Apennine  formations  ami  Eitglish  crng.      6.  Of  white  and 
blue  marl,  calcareous  grit,  white  inarlstone,  and  concretionary 
white  limestone.     At  Santa  Egidu,  concretionary  while  lime- 
stone,  alternating   with   marls,   contains   Vccfen  plcurouccfest 
Ottrea  bcllovicina,   Scalaria,  Cifinaoy  &c.     7.  Of  calcareous 
!>and4  and  pebble  beds,  calcareous  grits  and  ootilic  limestone. 
At  Iladkersburg,  where  the  hills  sink  into  the  plains  of  Hun- 
({ary,  the  strata  are  chnrgetl  with  shells,  some  being  idenlical 
with  living  species  i' Martin  carinata  and  Cei-ithittm  xiulgaium). 
Tlie  authors  consider  this  group  as  similar  lo  the  more  recent 
rocks  of  the  Vienna  basin. 

In   describing  another  section,    Prof.  Sedpwick  and   Mr. 
Murchison  notice  thai,  at  the   Poppendorf,  the  marls,  sands 


•  Sedgn-ifk  .•mil   >fun'lii.'Oi>,  Pruccpdinp^  of  the  Geol.  Soc.  of  London, 
1><T.  I.  \S'1'J. 
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and  cunglomerates,  are  crowned  l)y  a  micnceo-cnlcarcous  sandt 
containing  concretionary  masses  of  a  perfect  oolite,  afJbrding 
a  good  example,  if  vn\y  were  wanting,  of  the  trifling  value  of 
miiieruloirtcal  character  in  determining  rocks  far  distant  from 
each  other*. 

Let  us  now  proceed  to  those  parts  of  the  Sonth  of  France 
which  border  the  MediteiTatieain,  observing  that  M.  Elie  tie 
Beaumont,  when  remarking  on  the  period  at  which  he  con- 
siders the  Alps  to  have  been  thrown  up  in  a  direction  l)etwe<;ii 
Marseille  and  Zurich,  notices  numerous  situations  where  die 
newer  supracretaceous  strata  are  characterized  p-  ^jg 
by  the  remains  of  Oysters,  Polypifers,  Patellic, 
the  Balanus  crassiis  (fig.  38),  (which  M.  Deshayes 
considers  may  only  be  a  variety  of  Balanus  Tu- 
lipa\  Patella  conicay  and  other  shells-  lie  also 
kicntiries  these  rocks  in  ProvencL',  Dauphine,  and 
Switzerland.  In  the  uiolasse  of  Pout  du  Beauvoisin,  M.  Elie 
de  Beaumont  discovered  shells  which  M.  Deshayes  recognisetl 
to  be  Balanus  crassusy  Patella  conicay  and  a  Pi'cten  partaking 
of  the  characters  of  P.  Biinlanti,  P,  Jacobeeus,  and  P.JlabeU 
liformis\. 

According  to  M.  Marcel  de  Serres,  the  marine  supracre- 
taceous rocks  of  the  South  of  France  rest  on  each  other  in  the 
following  descending  order: — I.  Sands,  geiieially  yellow  or 
white,  and  more  or  less  argillaceous,  calcareous,  or  siliceous 
according  to  circumstances.  These  sands  abound  in  the  re- 
mains of  terrestrial  and  marine  manniialia,  reptiles,  and  fish, 
mixed  with  the  remains  of  birds,  and  some  wood.  Shells  are 
not  common,  with  the  exception  of  Ostrcce  and  Balani.  2.  Yel- 
low and  calcareous  marls,  of  no  great  thickness,  sometimes 
alternating  with  stony  beds.  3.  Beds  of  limestone,  to  which 
the  same  author  has  given  the  name  ul' calcaire  mocllon,  usually 
worked  as  a  building-stone  in  the  South  of  France.  The 
upper  beds  generally  contain  the  greater  quantity  of  shells; 
these  and  the  middle  strata  al><o  contain  the  remains  of  mam- 
malia, fish,  Crustacea,  annulata,  and  zoophytes.  Terrestrial 
mammalia  are  very  rare,  consisting  principally  of  a  few  bones 
and  isolated  teeth,  wiiich  mostly  approach  those  of  the  /*«- 
liEotheiium  and  Lophiodou.  The  lower  beds  contain  but  lew- 
shells.  4.  Argillaceous  blue  marls,  well  known  as  the  blue 
Sub-Apennine  marls.  These  marls  vary  much  in  their  niine- 
ralogical  character,  being  more  or  less  calcareous,  argillaceous, 
or  sandy,  according  to  circumstances.     They  have  nearly  the 

•  Sedgvick  aad  Murchisou,  Proceedings  of  ihe  Geol.  Soc.  of  London. 
March  5,  1830. 

't  Elie  de  Beaumont,  R^v.  do  la  Surf,  du  Globe ; — Ann.  des  Sci.  Nat. 
1829  et  IS1:0. 
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™iame  colour,  passing  from  a  greenish  or  blueislt  gray  into  a 

blue  of  greater  or  less  intensity.     Their  thicknesii  seems  to 

peml  on  the  inequalities  of  the  surface  on  which  they  rest, 

eir  depth  being  sometimes  very  coiisiilernble,  while  at  others 

is  trifling.     They  contain  a  large  cullectinn  of  marine  re- 

laiiis,  principally  shells.     Terrestrial  mammalia  antl  reptiles 

e  exceedingly  rare.      M.  Marcel  de  Serres  only  mentions 

one  stag's  horn,  the  bones  of  a  land  tortoise,  and  the  vertebra; 

of  a  crocodile.     Marine  manmialia  and  fish  arc  scarce,  as  are 

so  the  remains  of  zoophytes*. 

The  following  section,  by  M.  Marcel  de  Serres,  of  the  strata 
if  BanyuU,  through  wliicli  the  Tech  has  cut  its  be<i,  will  re- 
ind  the  geologist  of  sections  to  be  seen  at  Nice,  and  in  various 
rts  of  Italy;   1.  (upper  bed.)  Transported  substances,  named 
ly  the  author  diluvium  of  the  plains^  roiled  pebbles  of  primary 
cks,  cemented  by  a  brownish  red  gravelly  clay;  thickness 
•om  one  to  three  yards.     2.   Another  deposit  of  transported 
etritus,  named  mountain  diluvium  by  the  author,  stated  to  be 
distinctly  separated  from  the  above,  composed  of  rolled  pieces 
of  granite,  mica-slate,  gneiss,  and  quartz,   cemented  by  a 
"ightly  red  clay,  more  gravtrlly  than  the  first.     The  size  of 
e  rolled  fragments  is  considerable,  the  smallest  being  equal 
that  of  the  head;  thickness,  two  to  three  yarcls.     a.  Yel- 
wish  siliceous  saivds,   indurated   in   parts,   the  be<ls  thick, 
arying  from    four  to  six   yards.       Lower  portion   contains 
ells  and  lignites.    +.  Arglllo-nrenaceous  marls,  blueish  gray, 
d  micaceous;   sometimes  alternating  with  the  upper  yellow 
ds.     Shells  very  abundant;  thickness,  six  to  eight  yard*. 
5.   Blueish  argillaceous  anil  tenacious  iiiiirls.     They  contain 
few  shells,  and  even  these  become  less  abundant  as  the  section 
increases  in  depth ;    thickness  not  known.     I'hese  marls  are 
supposed  to  rest  upon  micaceous  clay-slates,  from  the  struc- 
ture of  the  Alberes  chain,  at  the  foot  of  which  these  beds  of 
Banyuls  dels  Aspre  are  ibund.     Nos.  3.  and  *.  are  stated  to 
contain  the  remains  of  mastodons,  deer,  lamanlins,  land-tor- 
toises, and  sharks,  ilisseminated  among  the  marine  shells,^  but 
tliey  are  representetl  to  be  scarce f. 

There  are  many  lignite  deposits  in  this  part  of  France,  of 
which  the  relative  ages  have  not  been  delermineil  so  accurately 
as  could  be  wi&lied,  M.  Marcel  de  Serres,  however,  shows 
that  some  of  them  arc  inferior  to  the  calcaire  moellon,  and 
probably  occur  at  the  lower  part  of  the  blue  marls.  The  fol- 
lowing is  a  section  at  Saint  Paulet,  about  a  league  and  a  half 

•  Tlie  organic  exuvin?  discovered  in  these  marls  are  enumerated  in  the 
ImU  at  the  end  of  the  volume. 

t*  Marcel  de  Serres,  G^ognosie  dies  Terrains  Tertiaires  dii  Midi  de  la 
France.     Montpellier,  1829. 
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from  Saint  Esprit  (order  ilesceru  ting):  1.  Yellowish  calcareo- 
siliceoiis  sands,  containing  the  remains  of  marine  shells.  2. 
Tliick  beds  of  the  calcaire  nioeJlon,  containing  numerous  casts 
of  V\}tlu:rea,  Veiius^,  and  Cerkh'ta.  3.  Sands  with  marine  shells 
resembling  No.  1.  4.  Alternation  of  fresli-uater  limestone 
(containing  Gipo<foniU's\  earthy  lignite,  and  sandy  marls. 
5.  Compact  limestone,  with  Ceritkia  or  Potamides  and  Palu- 
di/ifP.  G.  Thin  argillaceous  marls,  with  small  oysters.  7.  Thin 
earthy  hgnitc.  8.  Argillo-arenar-eous  marls,  with  traces  of  lig- 
nite. 9.  C«>mpact  fiesh-watcr  limestone,  with  Limncea:  and 
Cijtemv.  10.  Thill  yellowish  and  calcareous  marls.  11.  Ar- 
gillaceous blue  marls,  witli  traces  of  more  or  less  fibrous  lig- 
nite. 12.  Argillo-bituminoiis  marls,  containing  numerous  ma- 
rine and  fluviiilile  shells.  These  marls,  as  well  as  the  lignite 
wliich  succeeds  iliem,  contain  small  pieces  of  amber.  13.  Lig- 
nile  in  beds  of  two  or  three  yartis  in  tliickness,  preserving  the 
woody  structure,  even  resembling  charcoal :  contains  amber 
14.  Argilio-bitinninons  marls,  with  marine  and  fliiviatile  sliel 
die  same  as  No.  12.  15.  Lignite  with  the  same  characters 
No.  13. — All  these  beds  rest  parallel  on  each  other  with  gn 
regularity,  and  show  that  they  have  been  deposited  trancjui 
and  successively*. 

Many  species  contained  in  the  rocks  above  noticed  are  ana- 
logous with  those  now  existing  in  the  Mediterranean,  |x)intjng 
to  some  kind  of  connexion  between  the  ancient  state  of  that 
sen  and  the  present.  We  therefore  seem  to  arrive  at  some- 
tliing  like  a  probability  that  the  blue  marls  were  deposited  in 
a  sen,  perhaps  somewliat  similar  to  the  JMediterrant^an,  but 
presenting  more  surface  than  it. 

From  the  recent  observations  of  Colonel  Silvertop  it  would 
appear,  that  the  iSiib-Apennine  deposits  are  also  discovered  nt 
Malaga,  and  other  parts  of  the  Sinith  of  Spain,  the  blue  matf 
occupying  the  same  relative  position  f. 

M.  de  hi  Marmora  shows  us  that  the  supracretaceous 
posits  of  Sardinia  correspond  with  those  of  the  South  of  Fran 
of  the  South  of  Sj>airi,  uiitt  ol'a  large  part  of  Italy.  The  fol- 
lowing is  his  account  of  their  superposition  (iu  the  descending 
order): — 1.  A  fine-grained  white,  or  yellowish  white,  lime- 
stone; 2.  A  yellow  and  very  earthy  adcairc  modlon.,  mixed 
with  sand;  3.  Calcareous,  sand)',  and  siliceous  strata;  4.  Blue 
marls,  sometimes  whitish;  5.  Some  very  rsu'e  strata  of  calca- 
reous conglomerates,  with  traces  of  lignite,  or  else  irachytic 
tufl'a  cemeiiied  by  carbonate  of  lime.  No.  5.  is  rare.  The 
chanicteriitic  shells  of  the  blue  marls  are  slated  to  be  Pecten 

*  According  to  M.  Diifrfnw,  iliese  beds  rest  uncpnlbnnaWy  on  strat* 
equivalent  to  the  grcrii  sand  ;  AinialeB  dcs  MincK,  1830,  pi.  V. 
t  SilvcirtojH  MSS. 
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feuronectes  ami  Venus  nvujsa.  They  likewise  conlnin  nume- 
rous remains  of  crabsj,  but  uiiivalvea  are  de.Ncri1>ed  as  rarely 
found*. 

The  remains  of  large  maniniiilia,  wliicli  liave  renilered  the 
Upper  Val  d'Arno  so  celebrated,  would  a])pear  lo  be  disco- 
vered in  beds  of  somewhat  conteTniioraneons  orifjiti ;  a  dilTer- 
ence  in  the  circumstances  atteiidiiif>^  the  de]>osit  of  tlie  su}>erioi' 
rocks  having  produced  n  diHeieiice  of  tlie  remains  delecteil  in 
them,  inasmuch  as  niaiine  exuviae  are  absent. 

M.  Bertrantl-Geslin  distinguishes  three  basins  between 
the  source  of  tlie  Arno,  and  Florence;  namely,  the  basins 
of  Casentino,  Arrtzzo,  and  Fifrline;  the  whole  valley  ol  the 
Arno,  for  that  distance,  being  boundeti  by  a  sandstone  nunu-d 
macigno^  or  by  tiMrk-colonred  liuiesioue.  Accordiirg  to  the 
same  author,  the  fi>llowing  section  (in  the  descending  orilei ) 
may  be  observed  between  Arrezzoand  Incisa: — I.  Thick  bed 
of  yellow  argillaceous  sand.  2.  Thick  beds  of  rolled  qusirtzose 
pebbles,  intermixed  with  coarse  sand.  3.  Fiiiegrny  and  mi- 
caceous sands,  many  fathoms  thick,  containing  thin  betJs  of 
blue  sandy  marl  ;  these  simds  being,  in  the  middle  and  lower 
parts  exceedingly  rich  in  tlie  bones  of  inanimilerons  animals- 
4.  Very  thick  ai'gillaceoiis  blue  marl,  constituting  the  lowest 
deposit  in  the  bustn,  and  containing  many  fossils  in  its  upper 
part. 

From  his  various  observations  on  the  Val  d'Arno,  M.  Ber- 
irand-Geslin  concludes; — 1.  That  the  rolled  pebbles  are 
larger  and  more  abundant  in  proportion  as  they  approach  the 
mountain  chain  on  the  north,  whence  they  appear  to  have 
been  derived:  2.  That  the  coarse  sands  occupy  the  central 
part  of  the  valley,  while  the  (inest  sands  skirt  the  foot  of  the 
mountain  range  on  the  south  :  3.  That  the  lower  sands  and 
blue  marls  are  deposited  hi  horiaonlal  betls :  ^,  That  the 
bones  of  mammalia  are  very  abundant  towards  the  central 
part  of  the  Val,  on  the  right  bank  of  the  Arno,  and  are  rare 
on  the  left  bank:  5.  Tliat  these  bones,  in  good  condition,  and 
sometimes  <lisscminated,  are  generally  ileposited  in  different 
planes,  as  if  not  all  at  one  time:  6.  That  the  yellow  sands 
contain  fluviatile  shells  at  Monte  Carlo;  and  7.  That  this 
transported  mass  contains  neither  the  remains  of  marine  shells, 
solid  stony  beds,  nor  lignites f. 

The  animals  whose  remains  are  stated  to  have  been  dis- 
covered ill  the  Upper  Val  d'Arno  are: — Elephas  primigenhis. 
Hippopotamus  majo}\  Rhinoceros,  Tapir,,  Deer,  Horse,  Ox, 
Hysna,  Fdis,  Bear,  Cavern  Fox,  and  Porcupine.  The  pre- 
sence of  these  remains  would  appear  to  indicate  that  the  de- 

•   l)c  111  Muniiom,  Journal  do  Cn'olf^if,  t.  Jii.  \\.  31 'J. 
t  Aua.  dcs  Siri.  Nut.  t.  sir.  1828. 
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posit  contiiinrng  them  was  not  far  removed,  as  to  date,  from 
the  transported  ^ravela  and  iiaiids,  mingled  with  volcanic  sub- 
stances, in  Auvergne,  and  which  will  be  noticed  in  the  sequel, 

During  this  state  of  comparative  repose,  in  which  simitar 
mineralogical  substances  enveloped  similar  animal  remains 
over  a  considerable  surface,  there  were  some  situations  in 
which  vegetable  matter  was  more  abundantly  collected  than 
in  others,  as  might  now  hap{)en  at  the  embouchures  of  rivers 
when  the  streams  possessed  no  <>;reat  velocity.  Afler  the  pro- 
duction of  the  blue  marl,  circumstances  became  somewhat 
altered,  luril  tliis  over  a  considerable  surface, — for  the  deposit 
no  longer  conlinueil  the  same;  sands,  showing  a  greater  velocity 
oi'  transporting  power  of  water,  commonly  covering  these  blue 
marls  in  ihe  South  of  France  and  Italy.  There  were,  how- 
ever, modifying  circumstances;  for  sheets  of  calcareous  matter, 
frequeudy  producing  limestones,  occur  mixed  with  these  sand^, 
enveloping  terrestrial,  fresh- water,  or  marine  remains,  as  these 
came  within  their  influence. 

M.  Elie  de  Beaumont  notices  the  following  section  near  the 
Pertuis  de  Mirabeau  ;  which,  while  it  shows  that  the  rocks 
belonging  to  the  cretaceous  and  oolitic  groups  of  that  neigh- 
bourliood  were  disturbed  anil  contorted,  previous  to  tlie  de- 
posit of  the  supracrelaceous  rucks  which  rest  upon  them,  also 
exhibits  the  superposition  of  certain  supracretaceous  strata  of 
that  part  of  France  with  which  we  have  been  occupied,  and 
which,  in  the  neighbourhood  of  Aix,  presents  ^uch  a  curious 
aj)pri>acl},  in  their  organic  contents,  to  some  of  the  terrestrial 
inhabitants  of  tlie  present  country. 

Fig.  39. 


2fi2Si 


V  a  a  o 

a  (I,  rocks  of  the  oolitic  group:  b  b,  rocks  of  the  cretaceous 
group,  containing  An\monites  and  Bdemnitcs  mticronatus. 
D,  bed  of  the  Durance  at  tlie  Pertuis  de  Mirabeau,  on  both 
sides  of  which  rest  nearly  horizontal  beds  of  sup  in  cretaceous 
rocks,  c  r,  on  the  upturned  edges  of  the  older  strata. 

On  the  side  p,  that  of  Peyrolles,  the  supracretaceous  rocks 
constitute  a  thick  fresh-water  deposit,  "principally  composed 
of  gray  compact  limestone,  penelniteil  by  numerous  irregular 
tubular  cavities,  and  of  sandstone,  analogous  to  that  which 
near  Aix  alternates  with  the  variegated  marls  of  the  fresh- 
water series *."     On  the  other  side  of  the  Diuiince,  and  near 

•  I^lie  (1?  Deaumont,  R^v.  dc  la  tjurt.  du  Globe:  Ann.  dcs  Sci.  Nat 
1829  it  ltl;iO. 
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lapel  of  La  Maqdelnine,  o,  tlie  supratTetaceous  rocks  are 
seen  resting  ou  the  ed^es  ot'tlie  older  strata,  and  llie  following 
Beiis  are  obscrvetl,  in  the  ascending  order:— 1.   A  calcareous 
Hsiuistune,  without  shells,  in  some  strata  containing  calcareous 
Bebbies,  and  passinjr  into  a  conglomerate.    2.  Th«  above  beds, 
^ith  the  remains  of  marine  shells.     In  these  beds  M.  Elie  de 
Beaumont   observed   tlolomile.      .1.  A   bed   containing  some 
leslone  pebbles,  and  a  great  nmiibcr  of  oysters,  their  hinges 
longated.  among  which  are  probably  the  (htrea  tufgimcn.  of 
le  shelly  molasse  of  Pioleneand  Narbonne;  also  other  shells, 
»>ong  which   M.  Desliayes   recognised    Anomiu   ephippiuviy 
falautis  crassitSf  and  jiii  undescribed  Pecten,  resembling  the 
*.  Jaci>futus,  P.  lii'iidavfi,  iind   /-*.  JialnUifbrmis.     4-.  A  con- 
siderable thickness  of  niolusse,  not  very  shelly,  in  one  bed  of 
which  there  are  vegetable  remains,     5,  An  oyster-bed,  analo- 
jons  to  No.  3,  covered  by  a  certain  thickness  of  shelly  mo- 
s.    6.  A  thickness  of  three  yards  of  a  yellow  sand,  covering 
atternntion  of  calcareous  sandstone,  and  n  compact  blueish 
ray  limestone,  with  irregular  tubular  cavities,  ci»nt»ining  ter- 
stnal  and  fresh-water  shells.     M.  Elie  de  Beaumont  does 
>t  consider  this  limestone  us  the  same  as  that  noticed  on  the 
other  side  of  the  Durance,  bnt  us  torming  the  npper  part  of 
je  supracretaceous  series  at  this  place;  while  the  beets  near 
ejTolles  constitute  the  lower  part  of  the  same  series. 
The  exact  relations  ofthe.se  rocks  with  the  fresh-water  de- 
sit  at  Aix,  remarkable  for  the  insects  found  entombed  in 
of  it,  do  not  appear  to  have  been  yet  well  iletetniined- 
Recording  to  Messrs.   Lyell  and   Murchison,  the  following  is 
rsection  of  the  beds  rising  above  the  level  of  the  lou  n  of  Aix 
in  the  descending  order): — 1.   White  calcareous  marls  and 
iiiarKtone,   passing  gradually  into  a  calcareo-siliceous   grit, 
^pntaining  Ci/clas  gibbosa.  Sow. ;  Potamidcs  L,amarckiiy  Buli- 
^lus  jn/gnucits^  and  an  undescribed  s[iecies  of  f '?//"'"<  thickness 
abotii  150  feet.     2.  Marls,  with  |)lants  and  shells.     'I.    Marls, 
•rith  fish  and  plants.     4.   Bed  with  insecl-s  with  occas.ionallv 
Bb/a7/j{(/t'5  and  plants.     This  bed  is  described  us  a  brownish 
^veen,  or  light  gray  calcareous  marl,  composed  of  very  liiin 
HhtiincE'.  5.  Gypsum,  with  plants.    6.  Marls.  7.  Gypsum,  with 
B*li  and  plants.      8.   Marls,  with  traces  of  gypsum.      9.   Pink 
limestone,  containing   Pofnmidrs,   Cjjdas  gibbosa^  Sow.,  and 
Cifchis  Aqua  ScxtifC,  Sow.     'I'hi*  limestone  is  oi'ten   highly 

fntorted,  and  passes  eitlier  into  ii  calcareous  grit  or  red 
ndstune,  and,  -siill  lower,  into  compaci  calcareous  breccia ; 
e  w  hole  is  based  on  a  coarse  conglomerate.  The  lower  beds 
dip  N.  N.E.  at  about  25^  or  30  .  From  l!ic  section  atcom- 
le  memoir  of  Messrs.  Lyell  and  Murchison,  it  would 
ppear  llial  these  conglouierales  rest,  beyontl  Aix,  on  red  marl, 
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iibrous  gypsum,  and  gray  limestone,  with  Limnaa  antl  PUu 
norbes',  and  these  again  on  tlie  compact  limestone,  sund,  uiiif 
shale,  containing  coal  at  Fiiveau,  accompanied  by  the  reniaini 
of  an  UniOf  Melania  sctiluris,  Sow,,  Cifclas  conciuna^  Sow^, 
C.  cuneata,  Sow.,  juul  Gi/t ogonites* . 

The  preservation  of  the  insects  is  very  great,  permitting  tl 
determination  tif  genera  and  species.  According  to  M.  Marc 
de  Serres,  Arachnides  accompany  the  insects,  properly 
called  i  the  latter,  htiwevtr,  being  liir  more  abundant  than  the 
former,  two  or  three  genera  only  of  Atachnides  having  been 
determined,  while  sixty-two  genera  ol  insects  have  betjji  ob- 
served. The  most  curious  circumstance  attending  these  re- 
mains is,  that  some  are  considered  identical  with  those  now 
existing  in  the  country;  lirachi/ccn-iis  undaius,  Achcta  cam- 
pesiris,  Forficula  para/lt'la,  and  Pcntotoma  grisea^  being,  ac- 
cortling  to  M.  Marcel  ila  Serres,  the  more  remarkable.  It  is 
also  wurthy  of  observation,  that  ihe  greater  part  of  tlie  insects 
are  of  those  kinds  which  generiilly  inhabit  arid  aiiil  dry  places. 
Although  they  tjccur  in  various  positions,  they  are  sometinies 
spread  out,  as  if  by  an  entomologist  for  the  jiurpose  of  dis- 
playing their  wings.  Their  colour  is  generally  an  uniform 
tint  of  brown  or  black.  Some  of  the  fish  discovered  in  the 
same  marls  are  so  small  that  they  do  not  exceed  ten  or  eleven 
millimetres  in  length  f. 

The  place  in  the  series  of  the  supracretaceous  rocks  to 
which  the  brown  coal  formation  of  (iermany  should  be  re- 
ferred, does  not  appear  to  be  as  yet  well  determined.  This 
deposit  is  characterized  by  an  immense  quantity  of  vegetable 
remains,  and  is  probably  of  different  ages.  The  brown  coal 
may  be  traced  from  the  environs  u^  Aix-la-Chapelle  to  the 
Ilhine.  It  there  occurs  in  a  njirrow  plateau  between  the 
latter  and  the  Erft,  and  acquires  a  thickness  of  above  100 
feet  between  Bonn  and  Cologne,  without  any  extraneous 
bed.  The  brown  coal  deposit  rests  on  liie  declivity  of  the 
grauwacke  mountains  on  the  right  bank  of  the  Rhine,  and 
is  connected  with  the  trachytic  conglomerates  and  basaltic 
formations  of  the  Siebengebirge.  It  rises  on  the  plateau  of 
the  grauwacke  mountains  further  south  in  the  vicinity  of 
Linz,  (Orsberg,  Memlenberg,)  and  spreatis  in  detached  por- 
tions to  the  Wc'Stervvalil,  where  it  is  greatly  extended,  and  is 
interrupted  and  covervtl  by  basalt.  The  deposit  extends  to 
the  south  side  of  the  grauwacke  mountains  into  the  Wetierau, 

•  Lyell  and  Miirchison,  EJ'm.  New  Pliil.  Journal,  1823.  „ 

+  Marcel  de  Si-rros,  CJeo}^.  des  Ter.  Tertlnires  dii  Midi  de  la  France,  in 

which  souic  of  llic  iii-iects  aro  ii»iired ;   ns  also  in  the  Memoir  of  Missr*. 

Lyell  and  Murchi.ion  above  nuiicetl,  in  illusiratioti  of  the  remarks  ol*  Curtis 

on  the  specimens  bfcitght  lo  Etiglandl. 
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I'urtlier  separated,  but  still  with  similar  characters,  it  occurs 
in  the  Habichtswaklenear  Cassel,  at  the  Meissner  with  basalt, 
the  latter  beinjj  more  recent  than  it.  It  again  occurs,  not  far 
distant,  in  tlie  basin  of  Thuringia,  the  beds  being  of  consider- 
able tliickness  at  Arlern  in  llie  Unstrultbal.  At  Dlirrenberg 
and  Halle,  where  the  brown  coal  {near  Laiigenbogen)  occurs 
in  beds  nearly  fifty  feet  thick,  it  is  broken  inlo  separate  basins. 

The  brown  coal  deposit  extends  to  the  country  around 
Leipsic,  to  the  Elbe  as  far  as  Torgau,  and  occurs  tmjuently 
in  the  low  tracts  between  Magdeburg  and  the  llartz.  It  is 
found  in  the  level  country  between  the  Elbe  and  the  Oder. 
It  is  discovered  at  Bockup  near  Doniitz  (Mecklenburg),  and 
near  Buckow,  Freienwatdc  on  the  Oder,  and  to  tlie  east  at 
Zieienzig  and  Gleissin. 

The  brown  coal  geneiidly  rests  upon  a  compact  tenacious 
day,  and  is  covered  b^'  large  masses  of  sand.  The  organic 
remains  which  abound  in  the  superincumbent  rocks  in  Hesse 
and  Magdeburg,  have  not  been  accurately  determined  ;  those 
which  occur  in  the  inferior  strata  of  the  Rhine  are  better 
known.  They  consist  of— Pisces ;  O/prinus pajn/racms,  Brotin 
(Geislingerbusch  near  Nieghurg) ;  an  undetermined  species 
from  Mendcnberg  and  Friesdorf  near  Bonn. — Replilia;  liana 
diluvianay  Goltlf. ;  Salamandra  ogi/gia ;  Triton  Noachi mis  ; 
Ophis  dubius,  from  Orsberg. — Crustacea;  a  small  crab  from 
Geistingerbusch. — Insecta ;  species  of  the  genera  Lucauus, 
Melocy  Di/iiscus,  Duprestris,  Ca?ithans,  Cc?(imbj/s^  Paramlray 
Belostnmuy  Cercopis,  Locusta,  Anthrax,  and  Tabujins^  all  from 
Orsberg. — Plantic;  seeds  of  Ervum  hirhutwnj  and  E.  tctro' 
sperniumt  from  (.Jeistingerbusch ;  ree<t  and  dicotyledonous 
leaves,  resembling  those  still  growing  in  the  country,  but  not 
speciRcally  the  same.  Large  trunks  of  trees  are  very  com- 
mon *. 

A  large  part  of  the  South  of  France,  bounded  by  the  ocean, 
or  rather  by  the  sandy  dunes  it  has  thrown  up,  between  the 
districts  of  Bordeaux  and  Bayonne,  and  extemling  i'ar  into 
the  interior,  particularly  at  the  foot  of  the  Pyrenees,  is  com- 
posed of  supracretaccous  rocks;  an  exact  and  detailed  account 
of  whose  varied  relations  to  each  other  may  still  perhaps  be 
considered  as  wanting,  though  much  has  been  done  respecting 
them.  This  superficies  comprises,  among  other  districts,  that 
extensive  and  monotonous  region  named  the  Landes,^  where 
the  traveller  finds  litlle  to  relieve  the  sameness  which  sur- 
rounds him,  except  the  peasants  stalking  over  the  country 
mounted  on  stilt",  for  the  greater  convenience  of  seeing  objects 
afar  oil'. 


*  German  Transl.  of  Manual. 
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M.  lie  Basterot  has  ptesciitefl  us  with  n  very  vnluablet 
of  the  fossil  shells  obtained  by  hiin  from  the  districts  of  Bor 
deatix  and  Dux,  which  is  inserted  in  the  Lists  of  Organic  lU 
mains,  considerirrj^  that  such  lists  areof  llie  greatest  utility 
the  geological  student ;  referring  him,  however,  to  M.  de  fie 
terot's  memoir  for  the  detailed  description  of  eacli  sljell.  This* 
author  remarks,  that  out  of  the  3.30  spet-ies  of  shells  noticed 
by  him  in  the  great  santly  deposits  of  the  Landes,  forty-five 
only  luive  existing  analogues  in  the  neigldjouring  seas,  com- 
prising the  Meditunanean  ;  and  he  fufthei"  observes,  that  if 
the  basin  of  the  Giroiuie  be  taken  as  a  centre,  the  shells  in 
similar  supracretaceous  basins  will  the  more  resemble  each 
other  as  the  distances  are  less.  Thus,  out  of  the  330  species 
collected  in  the  vicinity  of  Bordeaux,  ninety-one  are  found  in 
the  dc[io>>its  of  ludy,  sixty-six  in  those  of  tite  environs  of 
Paris,  eighteen  in  those  of  Vienna*,  and  twenty-four  in  the 
supracretaceous  rocks  of  England  f .  ^^ 

If  reference  has  been  made  to  ^T.  de  Basterot's  list,  it  will™ 
have  been  observed  that,   lliough  many  shells  ibnnd  in  ibis 
part  of  France  are  also  discovered  at  Paris,  there  is  likewise 
a  very  considerable  correspondence  between  them  and  those 
of  Italy.     It  would  appeiir,  from  the  mention  i>f  (he  fresl 
water  limestone  ot  Sancnts,  that  there  was  a  change  of  th 
relative  level  of  sea  and  land  in  that  situation,  which  permitted 
the  envelopment  of  fresli-water  shells  in  carbonate  of  lime; 
and  tliat  after  this  deposit,   a  change  of  level  was  eflected, 
whicli  enable<l  marine  liihoilonious  shells  to  bore  extensively 
into  the  fresh-water  rock,  and  permitted  an  atcumnlation  of 
mineral  matter  and  marine  sliells  above  it.     The  analogues  of 
existing  species  are  forty-live;    the  living  species  being  re- 
markable for  the  diversity  of  their  habitats, — some  being  found 
in  the  Atlantic  and   Pncilic  Oceans,  and  the  Indian  and  Me- 
diterranean Seas,  while  not  a  few  inhabit  the  coasts  of  the 
Channel  and  the  Bay  of  Biscay,  to  which,  from  the  fall  of  ll 
land,  the  Bordeaux  unci  Dax  deposits  seem  naturally  to  belonjg 
When  the  ocean  covered  this  part  of  France,  it  seems  neccssar 
to  suppose  that  the  mean  temperature  of  the  situation  w«s 
above  that  which  it  now  is,  in  order  to  suit  the  animals,  many 
of  whose  analogues  exist  in  wnrni  climates. 

We  now  proceed  to  give  a  short  notice  of  tlie  supracreta- 
ceous rocks  of  the  Paris  basin,  as  they  long  constituted  tlie 
type  to  which  all  deposits  of  this  epoch,  wherever  fouml,  were 

•  M.  de  Basterot  tibst-rves,  that  this  iiunibor  will  probably  brcoinv 
creused  as  the  Vienna  basin  nhdll  become  better  louiwii ;    which  we  loa 
expect  it  soon  wiJl  be,  from  tiic  laboiii-«  of  M.  Pnrech. 

f  De  littnerot,  Drstripdoii  G^'olojriqne  dii  liasin  Tcrtinirc  du  Sud-Oiiett 
de  la  France,  lerc  panic;  Mem.  de  la  Soe.  d'Hint.  Nat.  de  Paris,  t.  ii. 


s  retail 

njon  consent  lias  been  assigned  tliem.  i\or  will  lite  zoological 
discoveries  of  Ctivier,  constituting  as  they  did  sucli  a  brillinnt 
epoch  ill  the  history  of  geological  science,  the  less  claim  the 
gratitude  of  geologists  in  succeeding  ages. 

The  following  is  the  classifltation   of  the  Paris  rocks,  ac- 
cording to  MM.  Cuvier  and  Brongniart  (order  ascending) : 


I 


1.  First  fresh-water  formation    . 

2.  First  marine  formation .  .  .  . 

3.  Second  frcsli-water  fonnation 

1.  Second  marine  formation    .  . 

5,  Tliird  fresli-water  formation  . 


rSiliceoiis  lim 

<  rrypsum,  vvi 
LFresli-wjiter 
r(iy[>seoi 

<  Upper  u 
|_Uppt'r  n 


f  Plastic  clay. 

<  Lij^nitc. 
L  First  sflndstonc. 

Ciilcaire  jrrossier. 

limpstone. 

itii  bones  of  animals, 
iter  marts. 
nis  marine  marls, 
marine  sands  and  (andstones. 
marine  m;irls  and  limestone. 
fMiUstoiif,  witliout  dlitlls. 

<  Shelly  inillsfone. 
LUpper  fresh-water  marls. 

Plastic  C/ai/.— So  named  because  it  easily  receives  and  pre- 
serves the  forms  given  to  it,  and  is  used  in  the  potteries.  It 
rests  on  an  unequal  surface  of  chalk  beneath,  which  is  hol- 
lowed and  luriuwed  in  various  ways,  so  as  to  present  hills, 
valleys,  and  outstaiidiiig  knolls,  which  sometimes  have  not 
been  covered  by  the  iie*ver  and  superincumbent  rocks ;  at 
least,  if  they  have  covered  them,  the  strata  which  did  so  have 
been  removed  by  denutlarion  *.     This  clay   is  various!}'   co- 

ureil,  being  while,  gray,  yellow,  slate-gray,  and  red.  It 
;UfJers  considerably  in  thick nehs,  as  might  be  expected  from 
ihe  nature  of  the  surface  on  which  it  reposes.  Above  these 
reds,  to  which,  strictly  speaking,  the  term  *' plastic  clay"  is 
^filone  applicable,  there  is  often  another  clay,  separated  from 
llie  former  by  a  bed  of  sand  ;  the  latter  clay  being  black,  sand}*, 
»nd  sometimes  containing  organic  remains.  In  it  occur  lig- 
l^itcs,  amber,  and  shells  (both  fresh-water  and  marine).  It  is 
stated,  that  in  this  deposit,  considered  as  a  mass,  the  lower 
|niris  do  not  contain  organic  remains:  that  in  the  central  por- 
(icm  the  remains  ure  commonli/  lliose  of  fresh-water  animals; 
ami  that  in  the  upper  part  there  is  a  mixture  and  even  an  al- 
temniion  of  marine  and  fresli-waler  remains,  the  latter  gra- 
dually becoming  more  sctirtr,  nnd  the  lijrmer  finally  prevail- 


•   A  htfccia  of  clialk  friigmpnts  cemented  by  cUy  is  found  at  Mcudon, 
[^parating  the  chalk  and  plastic  clay. 
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ing. — The  Followinfr  is  a  list  of  ibe  organic  remains  most  com- 
inonly  fouiut  in  ihe  plastic  clay. 

Fresh-voatet-  Remains.—  Planokbis  rulundatuSy  Al.  Brong.; 
P.  incertuSf  Del'r. ;  P.  Pttnctum,  Defr. ;  P,  Prcvostinus,  Defr. 

Phvsa  antiqtia,  Defr.     Ljmneus  longiscatus,  Al.  Brong. 

Paludina  virgiiloy  Defr.;  P.  indislirtcfa,  Defr.;  P.  utii- 
color,  Olivier;  P.  Desmar-esiiit  Prevosl;  P.  conical  Prev. ; 
P.  ambigmiy   Prev. 

Melania  irilicea,   Defr, 

Melanopsis  bticcinoidea^  Poiret ;  M.  costatOj  Olivier. 

Nerita  globtiiay  Defr. ;  N.  Pisifonnis^  Defr. ;  N.  sobrina^ 
Defr. 

Cyrena  an/ZyMfl,  Defr.;  C.  tellinoides^  Defr.;  C.  cuneifor- 
misy  Sow. 

Marine  Shells  contained  in  the  mixture  of  the  itjfper  part. — 
Cf-nirujv^i  futiattm,  Sow.;  C.  mclanoidesy  Sow.;  auoihcr 
Cerithitim  not  tit:lermined. 

Ampulla  111  A  depresm,  Lanu?  (y  ar.  minor) ;  Ostrea  beUty- 
vaca.  Lam. ;   O.  incertOy  Defr. 

I'^ossil  Vegetables. — Exogenites  ;  Pht^llites  multinervis  t  En- 
dogenites  echinntus. 

Calcuire  grossier, — This,  as  its  name  iinplies,  is  composed 
of  a  coarse  limestone,  ant!  is  more  or  less  liartl,  so  as  to  be 
employed  for  nrchitectuni!  purposes.  It  alternates  with  ar- 
gillaceous beds,  and  is  remarkable  for  tlie  constancy  of  its  cha- 
racter throughout  a  considerable  extent  of  couritiT-  It  is  often 
separated  from  the  plastic  clay  beneath  by  a  bed  of  sand.  The 
organic  remains  are  stated  to  be  generally  the  same  in  the  cor- 
responding beds,  presenting  rather  markeil  diflferences  when 
the  beds  arc  not  identical.  The  inferior  beds  are  very  sandy, 
often  more  sandy  than  calcareous,  and  almost  always  contain 
green  earth,  disseminatetl  either  in  powder  or  grains,  which, 
according  to  the  analy>>is  of  M.  Berlhier,  appears  to  be  a  sili- 
cate of  iron.  These  beds  are  remarkable  for  the  abundance  of 
their  organic  contents. — The  fulloviitig  is  a  list  of  those  fossils 
which  are  considered  to  characterize  the  different  parts  of  this 
deposit. 

In  the  Iowa-  beds. — Madhepora,  at  least  three  species. 

AsTHEA,  three  species  at  least. 

TuRBiNOLiA  efliplica,  Al.  Brong.;  T.  crispa^  Lam.;  T. 
sitlcata.  Lam. 

Retepouites  digitalioy  Lam. 

LuNULiTES  j-flrfm/fl.  Lam.;  L.  urcenlatOy  Lam. 

Fungi  A  Guettnrdi. 

NuMMULiTEs  Lcvigata  :  N,  sea  bra  ;  N.  numismalis  ;  N. 
rotutulata. 

Cejuthi  UM  siganletiin,     Lucina  lamellosa. 
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Ch^mVM  poitdosion.     Voluta  cithma. 

Crassitella  lamdlosa.     Tuukitella  midtisulcata. 

OsTHEAjlabellula  ;  O.  cymbuUi. 

Ill  the  central  beds*. — Ovulites  elongata^  Lam.;  O.  mar- 
laritula^  Dtroissy. 

Alveolites  »h'//«ot,  Bosc.     ORBixoLiTEs/j/awa. 

TuKUiTELLA  imbvicata.     Tkbebellum  convolutum. 

Calyitr.ea  trochiformis,     Cardita  aviadajia. 

Pectunculus  jyulvinatiis. 

Cithf.hea  nitifiula;  C.clegans.   Miliolites.  Cerithium? 

In  the  upper  beds. — Miliolites.     A.mfullaiiia  spirata, 

Cerithium  tuberculatum  i  C.  mutabile;  C.  lapidum ,-  C. 
fctricolum. 

LuciNA  Saxorum.     Cardium  Lima. 

■     Cokbula  anatina  ?     C.  slrinta  f. 
Vef^etable  Remains,  accoriUng  to   M.  Ad.  Broiigniait,  in 
tlie  Calcaire  Grussier  of  Paris: — 

■      Nayad* — Caulinites  parisiensis. 
Eg u  I SETACEJE — Eqnist'tum  brachr/odon. 
Con  I  FER-^E —  Pimis  Dcfrancii.     Palm  J!—  FlabeUaria  pari- 
siensis. 

■  MONOCOT\'LEDONS,  OF  UNCERTAIN  FAMILY— CulmiteS  Ttodo- 
Sus  ;  C.  ambiguus. 

Dicotyledons,  of  uncertain  family — Ea-ogenites,-  P/iyl- 

Ilites  linearis,  Ph.  netioides.  Ph.  mucronataf  Ph.  remi/ormisy 
Ph.  retusa,  Vh.  spathulatay  Ph.  lancea  %. 
Siliceous  Limestone. — A  limestone,  sometimes  while  mid 
ioft,  sometimes  fjray  nnd  compact,  penetrated  by  silica,  infil- 
trated in  every  direction  and  at  all  points.  It  is  often  cellular, 
the  cells  soinetirncs  large  and  coniinuuicating  witli  each  other 
ill  all  directions,  the  silica  lining  their  sides  with  niammillary 
concretions,  or  with  small  transparent  qunrtz  crystals. 

Osseous  ('Upsum  {Frcsh--iValer),  and  Marine  Marls. — Ttie 

i gypseous  rocks  consist  of  an  alternation  of  gypsum  and  calca- 
reous and  argillaceous  marls.  Above  this  alternation  there 
are  thick  marl  betls,  sonietinies  cnlcareous,  at  others  argilla- 
ceous. In  these  latter  strata  are  found  abundant  remains  of 
LimucC(S  and  Planorbes,  and  in  their  lower  part*,  palms  of 
considerable  size  are  discovered  prostrate.  The  gyjiseoHs 
strata  contain  the  remarkable  remains  of  extinct  manimaha 
wid  other  animals,  which  the  genius  of  Cuvier  may  almost  be 
•aid  to  iiave  restored  to  liie.  Above  these  beds,  which,  from 
the  nature  of  their  organic  remains,  are  considered  to  have 

•  Nearly  all  the  wctl-known  fosAil.t  from  Gripnon  are  fimnrl  in  tli esse  beds, 
"t  MM.  Cuvier  aiitl   lirongniiirt,    Dc^c.  (it'ol.  ck-s  Kiivir.  do   I'aria.  t'd. 
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•  been  deposited  hi  fresh  water,  there  is  a  succession  of  marl^ 
considtrecl  as  deposited  in  the  sea,  because  they  contain    ma- 

j  rine  reiiiaiii&  ;  the  marine  and  Iresh-wnter  systems  being  se- 
parated hy  calcareous  or  Rr^iilaceoiis  maris,  often  thick.  The 
upper  marl  beds  contain  numerous  remains  of  oysters,  consi- 
dered ti>  have  certainly  livetl  in  ihe  places  where  now  entombed, 
more  particularly,  as  M.  DetVance  discoveied  them  at  Rt>- 
qiiencourt  attached  to  rounded  pieces  of  marly  limestone, 
which  latter  are  sometimes  pierced  by  PftnlaJcs. 

Or>ranic    Remains   in  the   Gypseous    Beds. —  Mammalia: 
PaliEotherium  magnum^  Cuv.  (fi(r.  4-0,  a.)*;  P.  meditim,  Cuv.; 


Fi2.  40. 


=^1 


:^~^: 


p.  erassumy  Ctiv.;  P.  latum,  Cuv.;  P.  nirtum,  Cuv.;  P.  mi- 
nus, Cuv.  (fig.  40.  b.);  P.  minhm/m,  Cuv  ;  Aunplothcrium 
commune,  Cuv.  (fig,  ^O.  c.) ;  A.  sccumlarium,  Cuv. ;  A.  gra- 
eile,  Cuv-;  A.  mnritmm.,  Cuv.;  A.  oblifjuum,  Cuv.;  Chtero- 
ptamtisparisiensisy  Cuv.;  Cattispaiisifusis,  Ciiw,  Coati .-  Di- 
delphis  parisicnsis,  Cuv. ;  Sciurus;  Ike. 

Birds.     Reptiles:  Crocodile;    Tiioni/x ;  Emys.     Fish. 

Organic  Remains  of  the  Fre>h-water  jNIails. — Mammalia: 
Paleeotherium  aurclianaise,  Cuv.  (Orleans) ;  Lophiodon  major. 
Gov.  (.Soissons,  &c.) ;  Laminar,  Cuv.  (Paris);  L.  pygmanis, 
Cuv,  (Paris). 

Birds.  Fish,  Shells:  Cjjclostoma  mumia,  ham.;  Lim- 
neea  longiscata  ,AI.  Brong. ;  L.  clougata,  Al.  Brong.;  L.  aciu- 
minata,  Al.  Brong. ;  L.  Ovum,  Al.  Brong. ;  Platiorbis  Letts, 
Al.  Brong. ;  Bulimus  pusillt;s,  Brard. 


•  The  forms  of  the  animals  aljove  represented  are  such  u  tliry  *re  coo* 
■idered  to  hsre  been  by  Cuvier,  Osa.  Kom.  t.  iii.  pi.  66. 
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In  the  Marine  Marls  {Ycllcru), — Fish  bones;  Cytheren? 
ana:   ~  ~     •  -  - 


heren 
convexa  ;  Cytlierea?  plana;  Spirorbes  ;  Ceritliitiin  plicatiun 


Yellow  Marls  separated  J'rom  the  ahrje  bi/  Green  Marls. — 
Spears  and  palates  of  the  Uiiy  ;  Am[)ull.in!i  paiiilu?  Ceri- 
'  thium  plictUiim  ;  C.  cinctum  ;  Cytheiea  elegans ;  C.  !>embuU 
^_cata??  Canliuin  obhqiium ;  Niictihi  nmrgaritacea. 
B  Calc.  Marls,  wifh  large  Oysters. —  Ostrea  hi[ipopus;  0<| 
H'Pseutlnchama  ;  O.  lon^irostris  ;  O.  cnnalis. 
H  Calc.  Marls,  'jcif/i  small  Oi/sters. — Ostrea  cochlearia  ;  O.  cy- 
'     albula;  O.  spatulata;  O.  hnguulula ;   Balaiii;  Crabs' feet. 

Upper  Marine  Sa?nls  and  Safidslofies.  — These  are  composed 
of  irregular  beds  of  siliceous  sandstone  and   sand,  the  hiwer 

•portion  without  orf^anic  remains  that  can  be  supposed  to  have 
existed  in  the  pJaces  where  now  found,  ihcse  being  broken  and 
very  rare.  In  some  situations,  where  the  broken  shelb  are 
more  common,  niitlions  of  small  bodies  are  discovered,  to 
which  M.  Lamarck  has  given  llie  name  of  Discorbiles. 

These  non-lbssitilerous  sands  are  in  many  places  covered  by 
a  limestone,  sandstone,  or  calcareo-siliceous  rock  filled  with 
marine  shells,  of  which  the  following  is  a  list :  Oliva  mitreola  ; 
Fusus  ?  approaching  F.  longiEvus;    Cerithium  cristatum  ;   C. 

PJamellosum ;  C.  niutabile?  Solarium;  Melania  costellata? 
Metnnia  ?  another  species ;  Pectunculus  pulvinntus ;  Crnssa- 
telia  compressa?  Donax  relusa?  Cytlierea  uilidula;  C.  Icevi- 
gata;  C.  elegans?  Corbula  rugosa ;  Ostrra  tlubeltula. 

Upper  Fresk-ivater  Ff/rmation. — This  rock  varies  very  con- 
siderably in  its  mineralogical  character,  being  sometimes  com- 
posed of  white  friable  and  calcareous  marls,  at  others  of  dit- 
ferent  siliceous  compounds;  among  which  arc  the  well-known 
millstones,  sometimes  without  shells,  at  others  charged  with 
Limnfes>,  Plnnorbes,  Potanvides>  Helices,  Gyrogonilcs  (seeds 

•  of  the  Chara*),  and  silicified  wood. 
Organic  Ranains. — Animal.  Cyclostoma  elegans  antiqua; 
Potamides  Lannvrckii;  Planorbis  rotundatus;  R  Cornu ;  P. 
Prevosiinus;  Linineus  corneus ;  L.  Fabulum  ;  L.  ventrico- 
sus;  L.  iijflatus  ;  Bulimus  pygm;i>us  ;  B.  Terebra  ;  Pupa  De- 
francii;   Helix  Lcmani ;   Helix  Demarestina  *. 

Vegetable.  Muscites?  squamatus;  Chara  mcdicaginnla  ; 
C.  helicteres  ;  Nymphtea  Arethusae;  Culniites  anonmlns;  Car- 
polithes  thalictroidesf. 

•  As  has  been  often  remarked,  there  is  evidence  in  the  va- 
rious organic  remains  entombed  in  the  strata  above  noticeil, 
that  the  space  compriseil  within  what  is  commonly  termed  the 
Paris  basin,  has  not  always  beeij  exposed  to  the  iiiHuettce  of 
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the  same  circumstances  since  the  deposit  of  the  chalk,  but  thi 
tijere  has  been  an  ulteriiation  of  ihree  lacustrine  or  fresh-water 
def)osits,  with  two  which  are  marine;  the  former  constituting 
the  lower  and  tlie  upper  purl  of  the  series.  It  remains  to  in- 
quire the  probable  cause  oftliese  vnriiil.it»ns. 

By  employing  the  term  basin  \'ov  this  collection  o!  supror- 
crelaceous  rocks,  we,  as  before  observcil,  seem  to  assume  that 
of  which  we  have  no  great  evidence;  the  fresh-water  deposits 
may  have  been,  and  probably  were,  effected  in  ba>)ins,  but  the 
murine  do  not  require  this  form.  It  would  seem  reasonable  to 
infer  that  lliere  miiy  have  been  here,  as  has  been  shown  to 
have  happened  elsewhere,  movements  in  the  land,  changing 
its  level  relatively  with  the  sea.  When  we  regard  the  mode 
in  which  the  various  deposits  are  now  arranged,  we  find  that, 
as  a  mass,  they  do  not  repose  horizontfllly  on  each  other;  but 
that,  according  to  MM.  Cuvier  and  Brongiiiart,  there  were 
various  tnequaliltes  at  different  limes,  commencing  with 
those  of  the  clmlk,  presenting  hills  and  valleys.  In  various 
parts  of  this  unequal  soil  the  lignite  and  [ilasiic  clay  were  de- 

fiosited,  thus  to  a  certain  extent  filling  up  some  of  the  inequa- 
ities.  U|)on  tins  the  calcaire  grossier  was  formed,  flillowing 
more  or  less  the  inequalities  of  the  surface  beneath.  To  the 
calcaire  grossier  succeeded  a  gypseous  deposit,  showing  an  ab- 
sence of  the  sea,  and  (he  presence  of  fresh  water,  of  unequal 
de|)lli.  Then  foUovscd  a  large  deposit  of  sand  covering  up 
the  pre-existing  inequalities,  in  the  upper  part  of  which  sand 
are  numerous  marine  remains;  the  wliole  presenting  a  vast 
plain.  A  new  state  of  things  followed;  the  sea  disappeared; 
and  fresli-water  remains  became  entombed*. 

Tlie  mechanical  and  cliemical  circumstances  attending  these 
deposits  have  also  curiously  varied.  We  will  not  stop  to  in- 
quire whether  the  inequalities  of  the  chalk  were  produced 
suddenly  or  slowly,  for  on  this  head  we  possess  no  very  de- 
citled  evidence ;  but  the  deposit  of  the  plastic  clay  (properly 
so  called)  would  appesir  to  have  been  slow,  even  if  the  detritus, 
mechanically  suspended,  may  have  resulted  from  a  somewhat 
violent  wash  of  the  inferior  rocks.  In  the  sands  above  this, 
we  have  the  evidence  of  a  transport  by  water  moving  with  suf- 
ficient velocity  to  carry  sand  onwards.  This  is  followed  by  n 
deposit,  to  a  certain  extent  quiet,  composed  of  vegetables  and 
amber  derived  from  ihem.  The  nature  of  the  other  organic 
reniains  mingled  with  lliem,  at  fi)"st  indicates  the  presence  of 
fi'esh-water  animals  ;  but  finally,  some  variaiion  in  the  relative 
level  of  the  land  and  sea,  apparently  occui  ring  gradually  rather 
than  suddenly,  (for  there  is  no  evidence  of  a  rush  of  waters,) 


•  Cuvier  and  Brongniart,  linv.  <lc  Paris. 
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introduces  marine  animals,  which  existed  nt  the  same  lime 
v?ith  many  fresh-water  animals  that  have  gradually  become 
accustomed  to  live  in  the  same  medium  with  Lheni.  This  sUite 
of  things  was  destined  to  disappear,  and  we  liave  a  movement 
of  water  sufficient  to  transport  sand.  This  was  succeeded  by  a 
calcareous  deposition,  when  carbonate  of  lime,  probably  in  a 
great  measure  derived  from  the  ruin  of  older  rocks,  was  wiished 
away  by  water,  and  deposited  over  a  considerable  space.  It 
obvious,  from  the  structure  of  these  rocks,  that  tlienmlerials 
f  which  they  consist  must  have  been  in  a  slate  uf  fine  mecha- 
ical  division,  such  as  to  have  rcquiral  no  violent  rush  of  waters 
Tor  iheir  removal :  they  prnbably  subsided  during  a  period  of 
tranquillity.  After  the  ilefiosit  of  the  calcaire  erossier,  the 
production  of  calcareous  rocks,  remarkable  for  their  cellular 
structure,  took  place.  The  origin  of  these  cells  is  unknown ; 
but  they  probably  arose  from  the  calcareous  matter,  during 
iJie  act  of  subsiilence,  enveloping  foreign  matter  more  soluble 
or  perishable  than  itself,  which  has  subsequently  been  removed 
by  the  agency  of  water.  It  is  remarkable  that  the  cavities 
are  now  lined  by  silica  in  such  a  manner  as  scarcely  to  admit 
of  any  other  supposition,  than  that  the  silica  was  deposited 
wiUiin  the  cells  from  a  liquid  in  which  it  had  been  previously 
dissolved. 

The  osseous  gypsum  presents  us  with  a  decidedly  new  state 
of  things.  Singular  animals,  of  which  the  very  genera  are 
now  extinct,  must  have  existed  somewhere  in  the  district,  the 
reuiains  of  which  became  in  some  manner  entangled  in  sul- 
phate of  lime,  considerable  deposits  of  which  were  then  in  pro- 
ress.  The  question  will  arise,  Whence  did  such  a  quantity 
sulphate  of  lime  proceed?  Certainly  it  is  a  new  ingredient, 
least  in  any  abuiuJance,  in  this  district;  and  there  is  no  evi- 
nce that  it  was  deposited  in  a  sea,  as  was  the  case  with  the 
rbonate  of  lime  of  the  calcaire  grossier;  on  the  contrary,  as 
only  contains  terrestrial  and  fresh-water  remains,  it  would 
seem  to  have  been  formed  tJuoiigh  the  medium  of  fresh  water. 
If  so,  the  previous  level  of"  the  land  and  sea  had  been  aitered, 
d  the  springs  of  the  district,  if  the  gypsum  was  derived  from 
them,  must,  instead  of  carbonate  of  lime,  have  produced  an 
abundance  of  sulphate  of  lime.  This  stale  of  things  changed  ; 
the  sulphate  of  lime  ceased  to  be  produced  or  deposited  in 
abundance,  the  relative  level  of  sea  and  land  again  became 
tered,  the  result  was  a  formation  of  marls  with  marine  shells 
ihem ;  during  which,  there  were  at  least  some  places  where 
tolled  |)ebbles  were  produced,  to  which  oysters  became  al- 
lied, some  of  the  pebbles  being  pierced  by  boriiig  shells, 
hese  deposits  are  described  as  conforming  more  or  less  to 
*lie  surface  beneath  each,  and  there  b  no  evidence  of  any  par- 
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ticutar  movement  of  water ;  but  to  tliem  succeeds  a  vast  quan* 
tily  ol'sniid,  the  organic  remains  in  which  are  broken,  and  tlie 
mass  fills  up  ine(|uaHties  and  forms  h  plane  snrfacti.  This  ap- 
pears to  show  a  long  tonlinued  iiciion  of  water,  with  a  velocity 
equaJ  to  the  trnns})ort  «f  sand  over  a  considerable  space.  At 
the  eicjse  of  this  period  the  causes,  whatever  they  were,  that 
prevented  the  envelopment  of  organic  remains,  ceased,  and 
marine  exuvia*  became  entombed  in  great  abundance.  Finally. 
to  crown  this  curious  series,  we  hnve  a  ileposit  of  a  very  vat" 
ous  nni»eral<)gica!  character,  containing  tlte  remains  of  suci 
animals  ami  vegetables  as  are  only  known  to  exist  on  dry 
hmd,  marshy  places,  or  in  fresh  water.  This  variety  of  nii- 
neralogical  structure  is  what  we  should  consider  probable  in 
a  shallow  lake,  into  which  springs,  holding  various  substances 
in  solution,  entered  at  various  parts.  That  the  water  was 
shallow,  at  least  in  part,  has  been  considered  probable  by 
MM.  Cuvier  and  Brongniart,  from  the  remains  of  C//ar<r,  so 
commonly  found  in  this  deposit;  an  opinion  exceedingly 
strengthened  by  the  observations  of  Mr.  Lyell  on  the  Chara 
of  the  Bakie  Loch,  .Scotland.  To  protluce  the  frial>te  calca- 
reous marls,  it  is  not  necessary  that  the  waters  shouUl  be  tlier- 
mal ;  but  judging  from  the  plnetiomena  of  existing  spring*, 
this  condition  would  seem  requisite  for  the  siliceous  deposit; 
for  we  do  not  know  of  any  such  formation  now  in  progress, 
except  in  such  springs.  If  the  millstone  and  other  siliceous 
substances  were  thus  produced  (and  it  seems  difficult  to  ob- 
tain their  formation  in  any  other  nmnner  consistent  with  ex* 
isting  causes),  these  dierma!  waters  have  disappeared,  and  si- 
lica is  no  longer  tleposited  in  this  district;  seeming  to  shoj 
that  very  great  changes  in  the  .solvent  powers  of  water,  and; 
the  temperature  of  springs,  may  take  place  in  the  same  distr 
at  different  epoclis.  Tlius  we  have  a  great  deposit  of  carl 
nate  of  lime  at  the  epoch  of  tlie  calcnire  grossier;  another 
sulphate  i>f  lime  at  the  period  of  the  osseous  marls,  SL\\i\y  finailj 
one  of  silica  at  the  time  of  the  millstone  formation. 

Stipracretoccotts  Rocks  of  England. — Let  us  now  compaf 
the  suprocreiaceous  rocks  of  England  with  those  of  the  Paris 
basin.  Those  of  the  former  country  are  commonly  known  by 
the  names  of  Plastic  Clay,  London  Clay,  Bagshot  Sands,  the 
Fresh-water  formations  of  the  Isle  of  Wight,  and  the  Crag 
formerly  noticed. 

Plastic  Claij. — Unlike  the  deposit  to  wliich  the  same  name 
is  applied  in  the  environs  of  Paris,  tius  rock,  tliough  occasion- 
ally containing  a  considerable  abundance  of  clay,  employed  for 
various  useful  purposes,  presents  us  with  pebble  beds,  irregu- 
larly alternating  with  sands  and  clay ;  but,  like  the  strata  of 
(he  same  name  at  Paris,  they  rest  upon  an  unequal  surface  of 


SupracrctaccQus  Group. 


259 


chalk  beneath.  Tiie  organic  remains  also  are  not  principally 
terrestrial  and  fresh-water,  but  for  the  most  part  marine,  though 
the  others  are  intermingled  with  them.  These  remains  are, 
according  to  Mr.  Cuiiybeare  :  Univalves — In/itudibulum 
echinatitin  ;  Murt'x  laius,  M.  gradairis.,  M.  rugosus,  Ceritltium 
Jitniculittunt,  C.  intermedium^  C.  melanoides  i  Twritella ;  PUt' 
norbis  hemistoma.  Bivalves — Ostrea  jndchra^  O.  tener;  Pec' 
tuncttlus  Plumstediensis  ;  Cardium  Plumstedianum  i  Mi/a  plana  ; 
Cythcrca ;  Cyclas  cuneifmmia^  C.  deperdita^  C.  obovata^  In  ad- 
dition to  this,  traces  of  ]i«(nite  and  vegetabfes  are  observed  in 
several  places.  The  three  following  sections  ivill  convey  an 
idea  of  this  deposit  in  the  neighbourhood  of  London,  according 
to  Prof.  Uiicklund;  and  in  the  Isle  of  Wight  according  to 
W^T^'  Webster. 

^  Section  near  Wool'joich  {series  ascaiding). — Chatk  with  flints, 
above  which:  I.  Green-sand  of  the  Reading  oyster-bed,  con- 
taining green  coated  chtdk  flints,  but  no  organic  remains ;  1 
toot.  2.  Light  ash-coloiired  sand,  without  shells  or  pebbles; 
35  feet.  3.  Clreenish  sanil,  with  Hint  pebbles;  1  foot.  4'. 
Greenish  sand,  without  shelSs  or  pebbles;  8  feel.  5.  iron-shot 
coarse  sand,  without  shells  or  pebbles,  and  cont;iining  oehreous 
concretions  disposed  in  corrcentric  huniiia-;  9  feet.  6.  Blue 
and  brown  clay,  striped,  fill  1  of  shells,  cliief^y  Cerit/iia  and  Ci/' 
tkercic;  9  feet.  7.  Clay  stripeil  with  brown  atitl  red,  and  cim- 
tainiiig  a  kw  shells  of  the  above  species;  6  feet.  8.  Rolled 
flints,  mixed  with  a  little  santl,  occasionally  containing  shells 
like  those  of  Bromley;  e.g.  Ostrrn,  Ccrithiumy  and  CythereUf 
disseminated  in  irregular  patches;  12  feet.     9.  Alluvium*. 

Section  at  Loam-Pit  HiH,  three  miles  SJV.  of  Woolwich 

wder  ascending). — Chalk  with  flints,  above  which:   1.  Green 

«d,  identical  with  the  Reading  bed,  and  in  every  respect  re- 

trabling  No.  1.  at  VWHibvich;  1  foot.     2.  Ash-colouretl  sand, 

iighlly   micaceous,   without  pebbles  or  shells;  3.5  feet.     3. 

irse  green  sand,  containing  pebbles  ;  5  feet.     4.  Thick  bed 

of  ferruginous  sand,  containing  flint  pebbles;  12  feet.  5.  Loam 

]jKiA  sand,  in  its  upper  part  cream-coloured,  and  containing 

lilies  of  friable  marl;  in  its  lower  part  sandy  and  iron-sliot; 

[4  feet.     6.  Three  thin  beils  of  clay,  of  which  the  upper  and 

[lower  contain  Cytherecty  and  the  middle,  oysters;  3  feet.     7. 

"brownish  clay,  containing  Cytherete;  6  ieet,  6.  Lead-coloured 

l^,  containing  impressions  of  leaves;  2  feet.    9.  Yellow  sand; 

Lfl  feet.     10.  Striped  loam  and  plastic  clay,  containing  a  few 

pyritical  casts  of  slu^Us,  and  some  thin  leaves  of  coaly  matter; 

10  feet-     1 1.  Striped  sand,  yellow,  fine  and  iron-ihot;  10  feet. 

I  At  a  higher  level  than  No.  11.  on  the  same  hill,  the  line  of  the 

Lontlon  clay  c<tmmences-|-. 

•  Biickknd,  (Jcnl.  Trans.  I«t  sen'es,  vol.  iv.  f  "''•'• 
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Section  of  the  vertical  beds  in  Alnm  Bat/f  Isle  of  Wight  (order 
ascending), — Above,  or  rather  next  to,  the  chalk :  1.  Green, 
red,  and,  yellow  sand  ;  60  feet.  2.  Dark  blue  ciav,  containing 
green  earth  and  nodules  of  dark  limestone,  in  the  latter  of 
which  Ctftherctti  Tiinittliir,  and  other  sliells  nre  found  ;  200 
feel.  3.  A  succession  of  variously  colonreil  sands;  321  feet. 
4.  Beautifully  colouretl  sands,  alternalitif:;  with  pipe-clay,  co- 
loured wfhite,  yellow,  gray,  and  blackish ;. 543  feet.  In  the 
central  parts  of  these  latter  de])osits  are  (hree  beds  of  lignite, 
and  above  them,  at  some  distance,  five  other  linnite  beds  ;  eacli 
1  foot  thick.  5.  Strata  of  roiled  black  Hint,  contained  in  a 
yellow  sand.  6.  Blackish  clay,  containing  much  green  eartli 
and  septaria ;  anal<)aoits  lo  London  clay*. 

It  will  he  observed >  from  these  sections,  that  the  transport- 
ing powers  of  water  have  not  been  precisely  similar  near  Lon- 
don and  at  the  Isle  of  Wight.  At  the  former  place,  there  would 
appeal'  to  have  been  a  greater  movement  than  at  the  latter; 
the  mass  of  tlie  strata  near  London  containing  more  pebbles 
in  proportion  (o  its  depth  than  the  beds  of  the  Isle  of  Wight, 
where  there  would  ufipear  to  liave  heeJi  a  nuvre  calm,  as  well  as 
a  moie  abmulant,  deposit.  This  mav  perhaps  in  ^onie  mea- 
sure be  accoimted  for,  by  supposing  the  Isle  of  Wight  strata, 
now  thrown  into  a  vertical  position,  to  have  been  gradually 
accumulated  in  a  hollow  or  cavity,  more  rt-niote  from  the  dis- 
turbing power  of  currents  or  motions  in  the  water,  than  in 
shallower  depths.  At  all  events,  the  transporting  power  of  the 
waters  appears  to  have  been  irregular;  their  velocities  varying 
in  such  a  manner  that  pebbles  are  carried  forward  at  one  time, 
while  fine  particles  of  detritus  are  alone  moved  at  another.  In 
the  Isle  of  Wight  beds  we  also  see  that  circumstances  have 
been  favourable  to  the  accumniation  of  vegetable  matter,  which 
is  not  irregularly  disseminated,  but  occurs  in  beds;  the  cir- 
cumstances which  attended  this  deposit  being  continued  at  ir- 
regular intervals,  such  as  might  be  expected  at  the  mouths  of 
rivers. 

London  Clat/, — This  name  has  been  applied  to  the  great 
argillaceous  deposit  which  underlies  the  London  district.  The 
clay  is  mostly  bhieish  or  blackish,  and  composed  of  argilla- 
ceous and  calcareous  matter  in  variable  proportions,  the  latter 
rarely  attaining  a  sufficient  quantity  to  constitute  marl  or  im- 
perfect limestone.  Layers  of  calcareous  concretions,  known 
by  the  name  of  Septaria,  nre  by  no  means  unfrequent;  and  it 
is  stated  that  beds  of  sandstone  are  occasionally  observed  in  it. 

It  has  been  often  remarked,  that  if  the  descri|)tion  of  the 
Paris  rocks  hud  not  preceded  that  of  the  country  round  Lon- 

•  WeUter,  Geol,  Truiis.  1st  series,  vol.  iv. 
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and  of  the  Isle  of  Wi^lit,  it  never  v/oultl  have  been  consi- 

•ed  ihat  the,  so  cnlletl,  Plastic  CIny  was  separated  from  the 

«ondon  Clay,  but  rather  that  they  constituted  diHerent  terms 

the  same  series.     It  will  have  been  observed  that  in  the 

kbove-noliced  section  at  Alum   Bay,  in  the  isle  of  Wii'ht, 

lere  was  nothing  to  warrnnt  such  a  separation;  neitlier  does 

lere  appear  to  be  any  good  reason  why  in  the  London  tlis- 

rict  ihey  should  not  be  regarded  as  upper  and  lower  })ortions 

"a  deposit  formed  under  nearly  similar  general  circumsUmces, 

!'he  deposit  of  the    Lcmdoii   CJay  would  ap|)ear  to  mark  a 

wnparatively  tjuiet  state  ofthings;  and  the  clay  named  Plastic 

larks  a  similar  state,  although  it  occurs  among  sands  and  peb- 

The  whole  seems  merely  to  show  that  the  velocities  of 

ie  transporting  waters  varied,  and  that  they  continued  for  a 

)nger  period  of  litde  importance  during  the  deposit  of  the 

>ndon  clay. 

This  clay  varies  very  considerably  in  thickness.     Thus,  one 

'■mile  east  of  London  it  is  only  77  feet  deep;  at  a  well  ia  St. 

James' s-street,  23.i  feet;  at  Wimbledon  it   was  not  pierced 

through  at  530  feet;  and  ai  High  Beech,  700  feet*. 

I  Organic  Remains. — A  Crocodile;  a  Turtle.     Fish.     Crus- 

^Ktacea,  o  great  variety,  few  of  which  have  been  noticetl ;  among 

^Kfhesefew,  Cancer  tuberculatus,  Konig  ;  C.  Leachii,  Desmarest} 

^■Inachus  Lamarckii,  Desm.     Conchifera — Ciavageila  coro- 

^nata,  Desh.^  cal.  gros.,  Paris;  Fistulaiia  personata,  Lam.^  cal. 

gros.,  Paris;  Gastmchii'na  contorta;  Pholadomya  margarita- 

Icea,   Sow..-   Sol  en  affinis,  Sow.  .,■   Panopjca  intermedia,  Saw.  ; 
'M.ya.  subangulata,  Sow.  ;   Lutraria  obiata.  Sow.  ,•  Crassatcllii 
talcala,  Lajn,,  cal.  gros.,  Paris ;  C.  plicata,  So^jo;  C.  compressa ; 
Corbula  globosa,  Sarj}. ,-  C.  Piisum,  SonsD. ,-   C.  revoJuta,  Sow. ; 
Sauguinolaria  HoUowaysii,  Soiv. ;  S.  compressa.  Sow. ;  Telliiia 
Brauderi,  So'jo.  ;  T,  filosa,  Swo.  .•  T.  ambigua,  Smc.  ,■  Lucina 
initis,  Sow. :  AsLarte  rugata,  Sow. ;   Cytherea  niltdula,  Lam.^ 
cal.  gros.,    Paris,   Bourdcaux ;    Venus  incrassata,   Sor-jo.  ;   V. 
transversa,  Soiv. ;   V.  elegjuns,  .Soto. ;  V.  pectin ifera,  Sorw.  ; 
Venericardia  Brongniarli,  So'j.\  ,-  Ven.  planicosta.   Lam.,  cal. 
^_|pros.,  Paris,  Ghent;  Veil,  carinata,  Soxv.,-  Ven.deltoidea,  Sow.; 
^L  ven.  obionga,  Sow.  ,•  Ven.  globosa,  Sow.  ;  Yen.  acuticostata, 
^^ lytm..,  cal,  gros.,  Paris  ;  Cartlium  nitens,  SofSD.  ;  C.  seniigranu- 
lalum,  iS'otc.,   molasse,   Switzerland ;   C.  tiirgidum,  Sow. ;  C. 
porulosum, />a7/j.,  cal.  gros.,  Paris;  C.  edule,   Jirafidcr,   Bor- 
deaux, analogous  to  the  existing  species;  Carditaniargaritacea, 
Smo,  t  Isocardia  sulcata,  Stms.  -,  Area  duplicata,  Sott'.  ;  A.  Bran- 
den,  Sana. .-  A.  appendiculala,  So'iB, ,-  Pectunculus  <lecusstttus. 


•  Conyboarc  anil  Phillips's  (Jullitics  of  tlu-  (ieotogy  of  England  nnd  Wale*: 
Ul.  hondnn  Clay. 
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Sow. ;  P.costatus,  Sow.;  P.scalnn's,  S(m\;  P.  brevirosiris.  Saw.; 
P.  pulviimtus.  Lam,,  Ciil.  ^ros.,  Paris,  Bourdeaux,  Turin, 
Traunslein ;  Nucula  similis,  Sorv. ,-  N.  trigona,  Scrjo. ;  N.  mi- 
nima. Sow. ;  N.  inflata,  Suw. ;  N.  amygdaloiiles,  Suva. ;  Axinusi 
angulatus,  Sow.  ,-  Chama  squamosa,  Sow.;  Piiinu  siiiiuis,  Sow.; 
P.  arcuata,  Sotp.  ;  Avicula  media,  Nmc. ;  Pecten  corneus,  Siosr.; 
P.  carinalus,  Sato.  .•  P.  dupltcalus,  Sow.  ;  Ostrca  gi^mnleji,  Sotc., 
Trauiistein;  O.  flabellula,  Lain.,  cal.gios.,  Paris,  Bourdeaux; 
O.  dorsata.  Sore.  /  O.  cymbula,  Lam.,  cal.  gros.,  Paris,  liour- 
deaux ;  O.  oblongn,  Brander  i  Lingula  tenuis,  Sox.  MoL- 
LUscA — Patella  striata,  Sifjo. ;  Calyjitraa  trochiformis.  Lam., 
cal.  gros.,  Paris;  Iiifundibulum  obliquum,  Sow. ,-  I.  tubercula- 
tum, Sow. ;  1.  spinulosnm,  Sow.  ;  Bulla  consti'icta.  Sow. ,-  B. 
elliptica,  Sow. ;  B.  atteiuiata,  Sow.  ;  B.  filosa.  Sow.  ;  B.  acu- 
miiiata^  5fW. ;  Auricula  turgida,  Sow- ;  Au.  siinulata,  Smc.  .- 
Melania  sulcata,  Sotc. ;  M.  costata,  Sonv.  (Qu.  M.  coslellata, 
Brander  and  Lam.,  cal.  gros.,  Paris?) ;  M.  minima,  Sow. ,-  M, 
truncata,  Sow.;  Paludina  lenta,  Sow.;  P.  concinna.  Sola.;  Ani- 
puUaria  ambulacrum,  Sow.;  Am.  acuta,  Lam.,  cal. gros.,  Paris; 
Am.  patulflj  Lam.,  cal.  gros.,  Paris ;  Am.  sigaretioa.  Lam.,  cal 
gros.,  Paris;  Neritina  concava,  Sow. ;  Nerita gJobosa,  Sow.;  N. 
aperla,  Sow. ;  Natica  Hantoniensis;  N.similis,  Sow.;  N.  glauci- 
noides,.S^/a;.;  N. striata,  Sow.;  Sigaretus  canaliculatus,  Sow  ,  cal. 
gros.,  Paris,  Bourdeaux  ;  Acteon  crenotus,  Smb.;  A.elongalus, 
Sow. ;  Scalaria  acuta.  Sow.;  kS.  semicoslata,  Sow.;  S.inlerrupta, 
Saw, :  S.  undosa,  Sow. ,-  S.  reticulata,  Sow. ;  Solarium  patuluui, 
JLajn.,  cal.  gros.,  Paris,  Bourdeaux;  Sol.  discoideum.  Sow.; 
Sol.  canaliculatum,  Sow.;  Sol.  plicatum,  Lam.,  cal.  gros., 
Parts;  Trochus  Beiiettia?,  Sow. ;  Piacenza,  Turin,  Bourdeaux; 
T.  extensus,  Sow.  ,•  T.  monilifer,  Lain.,  cal.  gros.,  Paris;  Tur- 
ritellaconoidea,  Soto.  •;  Tur-elongata,  Sow.;  Tur.  brevis, Sow.,- 
Tur.  edita,  Sow, ;  Tur.  multi&ulcata.  Lam,,  cal.  gros.,  Paris; 
Ceritliium  dubium.  Sow.  :  C.  Cornucopia;,  Sow, ,-  C.  gigan- 
teum,  Lam.,  cal.  gros.,  Paris;  C.  pyramidale,  Sow.;  C.  gemi- 
natum,  Sox.;  C.  funatum,  Sow,-\ ;  Pleuroioma  attenuata,  -Sow.; 
P.  comuia.  Sow. ;  P.  semicolon,  Sow. .-  P.  colon,  Sow.  ;  P.  ex- 
erta,  Sow. ;  P.  rostrata.  Sow, ;  P.  acumiivata,  Sow. ;  P.  fusifor- 
mis,  Sow. ;  P.  iojvigata,  Sow.  ;  P.  brevirostrti.  Sow.  ;  P.  prisca, 
Soto,;  Cancellaria  quadrata.  Sow.;  C.  Iteviuscula,  .Soso. ,- C. 
evulsa,  Sow. ;  Fusus  deformij»,  Koni^  ;  F.  longitvus,  /.am.»cal. 

Sros.,   Paris ;    Fusus   rogosus.   Lam.,  cal.  gros.,  Paris,  Bour- 
eaux ;  F.  acuminatus,  Sow.  ,•  F.  asper,  Sotc. ;  F.  bulbifurmis, 

•  According  to  M.  Deshayes,  Turriielta  conoideOy  T.  elongata  and  T.  ediia, 
of  Sowerby,  are  the  same  shells,  referrible  to  T.  imbrlcataria  of  J.smarck. 

t  It  is  rcinurkablc  tliat,  out  of  the  numerous  species  uf  Ceritliium  found  in 
the  calcaire  grossier  of  Parii*.,  tbc  ('.  giganteum  ahould  be  the  only  one  yet 
noticed  in  the  London  clay. 
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Jjom,  (4  var.),  cal.  gros.,  Paris;  F.  ficuliieuj?,  Sow. ;  F.  erraiis. 
Sow.  i  F.  regulaiis.  Sow.  ,-  F,  Lima,  ik)V}, :  F.  cni-inella,  Sow.; 
F.  conifer,  ii&w.  ;  F.  bitascijitus.  Sow.;  V.  conipliiiialus,  !iow.; 
Pyrula  nexilis,  6Vnv'.  ,•  P.  Greenwocnlii,  i'cu.  ,■  P.  lajvigata, 
LartLf  cal.  gros.,  Paris,  Truutisteiti ;  MurexBarionensis,  i>W,  ,• 
M.  fistulosii^i,  Sow.  ;  M.  iiiterrtiptiis.  Saw.  :  M.  arbutus,  .Sotc.  • 
M.  tricarinatus,  Lam.^  cat.  gros.,  Paris,  Viceiilirv ;  M.  bispi- 
nosiis,  Saw.  ,-  M.  frondosus.  Lam..,  cal.  gros,.  Paris;  M.  de- 
fossuis  Saw.,-  M.  Smithii,  Sow.  (2  var.);  M.  trilineatus  Saw.  ; 
M.  curtus,  Sow.;  M.  tiiberosus,  Sow.;  M.  ininax,  Saw.; 
Switzerlant! ;  M,  crisUUiiv,  Saw. ,-  M.  coronatus,  Saw. ;  Ilostcl- 
laria  Parlcinsoni,  Saw.  (var.);  R.  lucida.  Saw.  s  H>  rimosa, 
Sarw. ;  R.  niacroptera,  Soa?.  (2  var.);  R,.  Pes-Pelicani  (Stroni- 
bus  Pes-Pelicani,  Linn.)^  l^i:iceii/.a.  i^c,  uiialo|rous  to  itie  ex- 
ibting  species;  Cassis  striata,  Sow.;  C.  carinata,  Zrfiw.,  cal. 
gros.,  Paris;  Harpa  Trimmeri,  ParL-uison ;  Buecimmi  juii- 
ceum,  Soto.  .•  B.  lavalum,  Sow.  ;  B.  desertuni,  Saw.  ;  B.  caiiali- 
culalum,  Saw.  ;  B.  l:ibiati;ii],  Saiv.  ;  Mitra  scabra,  Saw. ;  M. 
parva.  Sow.;  M.  puniila,  Saw.;  Voluta  Luetator,  Soa?.;  V. 
epinosa,  Lam..,  cal.  gros.,  Paris;  V.  siis|iensa,  Saw.  ;  V.  moii- 
strosa,  Saw. ;  V.  costaUi,  Saw. ;  V.  Magoruni,  Sfnc.  ;  V.  Ath- 
leta.  Saw. ;  V.  depaiiperata,  Saw. ;  W  ambigua,  Saw. .-  V.  iio- 
dosB,  Saw.;  V,  Liinii,  Saw.;  V.  geniinata.  Sow.;  V.  bicorona, 
Lam.,  cal.  gros.,  Paris;  VoJvaria  nciitiuscula,  AVrto. ;  Cypnua 
ovijbrmis,  Sazv.  ;  Tcrubclluin  fiisifonne.  Saw. ;  T.  coiivoliituni, 
Al*  Brong,,  cal.  gros.,  Paris;  Ancellaria  canalifera.  Lam..,  cal. 
.,  Paris,  Bourdeaux;  A.  aveniformis,  Saw.;  A.  Turrilella, 
A.  siibulata.  Saw.  ;  Oliva  Braiideri,  Saw,  ;  O.  Salisbu- 
rmna.  Sow?.  ,■  Conns  Uormitor,  Saw.  ;  C.  conciniius  (2  var.), 
Saw.  ;  C.  scabriuscLilus  {'I  viir.),  Soar.  ;  C.  lineatus,  Bramlcr  ; 
iNummulites  Isevigata,  Lam..,  cal.  gros.,  Paris,  Bordeaux, 
'Trauiisieia  ;  Nunii  variolariii,  Saw.;  Num.  elegans,  Saw. ;  Nau- 
tilus impertalis  Souv,  cal,  gros.,  Paris;  N.  centralis,  Saw,;  N. 
zic7.ac.  Saw.  ;  N.  regal  is.  Sow.* 

Vegetable  Remains. — The  Isle  of  Slieppy  has  long  been 
known  as  affbrdit»g  a  great  variety  of  fruits  and  seeds;  and 
KOioll  portions  and  masses  of  wood  are  tuund  in  the  London 
clay  elsewhere,  the  argillo-calcareous  concretions  frecjucntly 
enveloping  pieces  of  it.  Some  fragnienLs  are  pierced  by  a 
boring  shell  analogous  to  the  Teredo  uavalis,  which  shows  tlial 
ibe  wood  must  have  floated  in  the  seaf . 

Bags/lut  Sands. — These  rest  on  the  London  clay,  and  con- 
sist, according  to  Mr.  Warburton,  of  ochreous  nieagre  sand, 

•  Sowerby'*  Minfr.'i!  C'oncliology ;  Woodwai-d's  British  Organic  Roitiains; 
Al.  Brongniart,  Tableau  des  'IVniiins  qui  conipoacut  I'Ucorcc  du  (Jlultp. 
t  Oudincs  gf  Guol.  of  Engl,  and  Wales. 
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foliated  ^reen  day  alternating  with  a  ^reen  sand,  and  alterna- 
tions of  white,  sulphur-yellow,  and  pinkish  foliated  marb,  con- 
taijiing  abinidani  grains  offrreen  saml,  and  fossil  shells  of  the 
genera  Trochiis  ?  CrassatcUa,  Pecten*.  ^^ 

Fresh-'dcater  Formations.,  Isle  nf  Wight  and  Hampshire. — \V^H 
are  indebted  to  Mr.  VV^ebster  for  the  discovery  of  tlies>e  beds^B 
not  long  after  the  labours  of  MM.  Cuvier  and  Brongniart  on 
the  supracretaceous  rocks  rounil  Paris  so  strongly  excite<l  the 
attention  of  <;eoIofiists,  Thi*  fresh-wattT  strata  of  ihe  Isle  of 
Wight  are  divided  into  two  deposits  by  a  rock  characterized^! 
by  the  presence  of  marine  remains,  and  named  the  Uppel^l 
Marine  Formation,  from  being  a  supposed  equivalent  to  the 
sands  which  intervene  between  tlie  two  fresh-water  deposits 
of  Paris,  The  lower  fresh-water  deposit  of  Binstead,  near 
Ryde,  consists  of  a  limestone  formed  of  fragments  of  fresh- 
water shells,  white  shell  marl,  siliceous  limestone  and  sand  ;  at 
Headeii  the  ecjuivajeut  rock  is  composed  of  sandy,  calcareous, 
and  argillaceous  marls.  According  to  Mr.  Pratt,  one  tootli 
of  an  Anoploiheritim  and  two  teetfi  of  a  PaLtotherium  have 
been  discovered  in  the  lower  and  marly  beds  of  the  Binstead 
quarries;  and  he  further  states,  that  these  remains  were  *' ac- 
companied, not  only  by  several  other  fragments  of  bones  of 
Pachydernmta  (chidly  in  a  rolled  and  injured  state),  but  also 
by  the  jaw  of  a  new  species  of  iluniinant,  apparently  closely 
allied  to  the  genus  Mo&chtts\" 

Prof.  Sedgwick  observes,  that  in  the  upper  part  of  this  de- 
posit there  is  a  mixture  of  fresh-water  and  marine  species,  cfi^H 
pecially  in  Colwell  Bay,  where  a  single  specimen  of  rock  cod^| 
taincd  the  following  genera:  Ostrea,  Venus,  Cerithium,  Planot' 
biSf  Lj/mufra,  The  common  fossils  in  llie  lower  fresh-water 
deposit  would  appear  to  be:  Palmliva,  Potamides,  Melatn'a, 
(more  than  one  species),  Cj/clas  (2  species),  f7«/o,  Planorbis, 
Ljfmucca  (both  ihc  last  more  than  one  species),  Mr/Oy  Mcla- 
ttopsisX. 

'lite  Upper  Marine  Formation,  first  noticed  by  Mr.  Webster, 
wiis  calletl  in  tjuestion  by  Mr.  G.  B.  8owerby,  who  showe<l 
thai  all  the  sliclls  detected  in  it  were  not  marine;  and  he  hence 
inlerretl  thai  there  was  no  real  separiiiion  between  the  fresh- 
water formations  of  the  Isle  of  \Vight§.  Subsequently  lo  Mr. 
Sowerby's  remarks.  Prof  Sedgwick  has  presented  us  with  an 
account  of  ihe^e  strata,  in  which  he  lemarks  that  "the  lower 
calcjireous  beds  appear  lo  have  been  tranquilly  deposited  in 
fresh  water.     But  if  we  ascend  to  the  argillaceous  marl  which 

•  Warburton,  Geol.  Trans  ,  vol.  i.  2nd  series. 

t  Piutt,  Proceeding's  oftlu-  C>fn\.  Soc.  JK.'il. 

;  Scdpwick,  f )n  the  Gcolopv  <"!'  tht;  Isle  oi"  Wight ;  .\nn«li  of  Philos.  1 822 

{  G.  B.  Sowi'iby,  .\nnal3  of  Plulos.  1821. 
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rests  imniediately  upon  them,  we  not  only  fiiui  a  comj 
chnnge  in  the  pliysical  circ-imislnnces  olthe  tfeposit,  but  a  new 
suite  of  organic  remains;  some  of  which  are  of  a  marine  origin,i 
others  of  a  doubtful  character,  and  a  few  are  identical  with 
those  iix  the  lower  betis*."  With  regard  to  the  organic  re- 
mains contained  in  this  rock,  Mr.  Webster  points  out  a  thick 
oysler-betl  in  Colwell  Bay;  and  Prof.  Sedgwick  gives  the 
following  list  of  shells:  Murex  (at  least  two  species),  Bucci- 
num,  Ancilla  suhutata,  Vohtta  (resembling  V.  spinosa),  Rostcl^^ 
iariu  rhnosa  (two  last  species  rare),  Murex  effbssus,  Bkandeu, 
JV/.  innextLi,  Bhander,  Fusus  (fragments),  Nntica,  FenuSf 
Nttatla,  Corbtila^  Corbis?  Mtftilus,  Ci/das^  Potamides^  Mela- 
nujisisy  Net-ita  (2  species,  one  approaching  N.  Jluviatilis)^  to- 
gether with  other  fresh- water  shells.  These  beds  would  there- 
fore ap|)e{ir  to  have  been  deposited,  as  Prof.  Sedgwick  ob- 
serves, in  an  esiuarv.  But  to  have  produced  this  estuary,  and 
the  circumstances  retjuisite  for  lire  presence  of  marine  shells, 
some  physical  change,  some  altenilion  of  the  relative  levels  or  of 
the  geographical  features  of  the  sea  and  land,  seems  necessary, 
for  the  previous  deposit  does  not  contain  marine  remains. 

Upper  Fresh-'jcalcr  Formation. — I'his,  accc)rding  to  Mr. 
M'ebster,  principally  consists  of  yellowish  wliite  marls,  in 
whicli  there  are  more  indurated,  and  apparently  more  calca- 
reous portions.  The  organic  remains  are  either  fresh-water 
or  terrestrial;  and  therelore  the  circumstances,  wliatever  they 
were,  which  permitted  a  mixture  of  marine  shells  in  the  beds 
beneath,  no  longer  existed  ;  and  a  tranquil  de|)osJt  in  some 
lake  was,  probably,  the  mode  in  which  these  beds,  about  100 
feet  thick,  were  formed. 

7'he  fresh-water  formation  of  Hordwell  Cliff,  Hampshire, 
was  first  described  by  Mr.  Webster  in  1821.  The  cliff"  is 
noticed  as  composed  of  alternations  of  clays  and  marls,  some  of 
a  fine  blueish  green  colour,  in  which  there  were  also  beds  of  hard 
calcareous  marls,  apparently  derived  from  shells  of  Uie  genera 
Lymncca  and  Ptanorbis.  The  whole  is  surmounted  by  a  mass  of 
Iransportedgravel,  which  coversthe  various  rocks  of  the  vicinity. 
Mr.  Webster  observed  that  these  beds  seemed  the  equivalent 
yi\  the  lower  fresh-water  deposit  of  the  Isle  of  Wight.  Subse- 
quently to  these  observations  of  Mr.  Webster,  Mr.  Lyell  pub- 
lished a  more  detailed  account  of  the  Hordwell  beds;  whence 
it  would  appear  that  the  upper  strata  do  not  show  a  passage 
into  a  marine  deposit,  as  was  first  supposed,  but  that  all  the 
fossil  contents  of  the  beds  point  lo  a  fresh-water  origin,  e([ui- 
valent  lo  the  lower  fresh-water  rocks  of  tlie  Isle  of  Wight. 
The  following  are  the  organic  remains  discovered  at  Hordwell, 


Sedgwick,  .\nuaU  of  Plulot.  1822. 
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according  to  Mr.  Lyell :  Tortoise  scales,  (r  Tortoise  found 
Thorncss  Bay,  Isle  of  Wifrht) ;  Gipogonites,  or  seed-vessels  of 
Chane  (C.  medicaginula) ;  seed-vessel  named  CarpvUthes  the 
lictroiilesy  Ad.  Brong.;  teeth  of  crocodile,  and  scales  of  (is>hi 
Helix  IcHtOy  Brandeh,  abundant;  Mclania  conica  ;  Melui 
sis  carinatci ;  M.  bicvis  ;  Planorbis  lens  ;  P.  rotundatus  ;  L,if 
naa  fttsifurviis  ;  L,.  longiscata  ;  L.  columdlaris  ;  Pot  amides  [ 
P.margarttacetis?  Neritina  ;  Anci/lus  rlegans  ;  Unio  Solandri\ 
Mifa  gregarca  ;  M.  plana  ;  M.  suhangulata^  perha]7s  the  younj[ 
of  M.  plana ;   Cydas  (2  species).     Mr.   Lyell  observes,  that 
thon<^h  the  species  nre  few,  the  individuals  are  numerous, — a 
coinmoji  characteristic  of  iVesh-water  deposits*.  j^| 

Buth  hi  tlie  Isle  of  Wight  and  on  the  opposite  coast  oT^" 
Hampshire,  these  fresh-water  deposits  rest  upon  a  consider- 
able thickness  of  sand.     As  a  similar  sand  occurs  in  the  fresh- 
water rocks  of  Hordwfll,    Mr.   Lyell   considers  that  there 
is  as  much  probubiltty  of  its  fresh-water,   ns  of  its  marinc|H 
origin.     Be  this  as  it  may,  there  nui^t  have  been  a  diiferencd^H 
in  the  trans|iortiii{^  power  of  water  carrying  the  sands,  from 
that  which  permitted  the  tieposit  of  the  marls,  which  seems  lOj 
have  been  very  r|uict.     The  sands  certainly  do  not  require  anj 
consiilerable  velocity  of  water;  .still  there  must  have  l>een  a 
tliflf'ercnce  in  the  circumstances  attciuJing  the  deposit  of  the 
one  mass  and  of  the  other,  thou^di  those,  which  give  rise  to 
the  mass  of  sand,  partially  returned  during  the  Ibrmation  o^^_ 
the  marls.  ^H 

A  very  material  difference,  it  will  be  observed,  must  have  at-^^ 
tended  the  deposit  of  the  supracrelaceous  rocks  in  the  Parisian 
and   English  districts  (London  and  Isle  of  Wight),  as  iav  as 
respects  their  mineralogical  nature.     In  the  former  we  have 
deposits  of  carbonate  of  lime  (catc.  grossier),  sulphate  of  lime, 
(gypseous  deposits),  and  silica  (mUlstones) ;  formations  only 
in  part  mechanical  ;  while  in  the  latter  we  have  little  that  may 
not  be  considered  altogether  mechanical,  with  the  exceptiotv^H 
perhaps,  of  the  fresh-water  maris  and  the  calcareous  concre<^| 
tions  in  the  Lontlon  clay,  which  latter  may  have  been  chemi- 
cal se})arations,  alter  ileposition,  from  the  argillo-calcareous 
mass.     There  is,  nevertheless,  such  an  analogy  between  the 
organic  character  of  ilie  calcaire  grossier  of  Paris  and  the, 
London  clay,  that  though  not  strictly  identical,  they  may  ljav« 
been  nearly  contemporaneous ;  so  that  however  the  mineral 
ogical  character  of  these  deposits  may  vary,  we  may  suppus 
them  to  hove  been  formed  at  the  same  or  nearly  the  same 
epocli,  local  circumstances  and  accidents  having  dctcri 
the  character  of  eacii. 


•  Lyell,  Geol.  Traai.  2nil  series,  vol.  ii. 
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Our  limits  prevent  a  proper  notice  of  the  labours  of  Pre- 
test,  Boue,  Voltz,    Parsch,   Lill   Von   LillJeubach,   Piisch  *, 
[Du  Bois,  and  many  other  geologists,  on  the  rocks  of  this  age 
in  various  parts  of  Europe;  but  the   following  iection  seems 
so  important  that  it  requires  a  place  here. 

Prof.  Puscli,  describing  the  rocks  of  Podcilia  and  southern 
Rujisia,  stales,  that  near  Krzeniiniec,  in  Volhynia,  (where 
mountains  rise  above  a  plain  covered  with  chalk  flints  and 
aand,)  upper  supracretaceous  sandstone,  occupying  a  thick- 
ness o\'  396  feet  above  the  river  Ikwa  and  sixty  ll^et  beneatli 
it,  is  composed  of :  1.  Twenty  feet  of  sand,  cemented  by  a 
little  carbonate  of  limet  containing  many  small  shells  and  ma- 
drepores, the  latter  approacliitig  M.  cerviconih.  2.  Forty 
feet  of  calcareous  sandstone,  containing  many  shells  of  the 
,  genera  Ca/diumj  Venericardiu^  and  Aica,  3.  Sixty  feet  of  a 
'  compact  quartzose  and  porous  sandstone,  the  cavities  filled 
with  sand  ;  contains  mnnv  Venericardia: ;  lowest  part  most  cal- 
careous. 4.  Eighty  feet  of  a  marly  limestone,  containing  many 
\  striated  ModioUe^  Pectens,  and  oilier  shells.  5.  At  sixty  feet 
beneath  tlie  surfncc,  a  quartzose  ami  slightly  calcareous  while 
sandstone,  containing  numerous  FniaicarditCy  Trochiy  and 
Pahidijia:  or  PhasianelLe.  "  Accortling  to  M.  Jarocki, — while 
sinking  a  well  in  June  1829,  the  lusk  and  molar  tooth  of  an 
I  elephant  were  founti  in  the  last-mentioned  bed  (No.  5),  which 
are  now  preserved  in  the  museum  of  Krzeminiec.  Many 
other  bones  were  also  observed,  but  they  were  too  firmly  fixed 
in  tlie  rock  to  be  extracted  f ."  M.  Pusch  further  remarks, 
that  this  rock  is  the  same,  both  niincraJogicully  and  zoologi- 


*  Amid  a  great  variety  of  supracretaceous  deposits  in  Russia  and  Poland, 
ihii  author  remarks  some  will)  an  oolitic  character,  especially  ucar  Tiraspol, 
Latycrew,  and  Kuluez,  ou  the  Diiic-iier,  and  in  the  C\'iiiJ  hills  at  t'zemo- 
wili.  The  piaolitic  structure  of  some  aupraerttnceouslimeiilones  is  particu- 
larly remarkahle  in  parts  of  rolimd.  'I'he  gniiiiit  2.ru  either  renil'jnn  or 
roiuided.  and  generally  of  the  siv:e  of  a  pea  or  a  bean,  though  they  lure  and 
there  become  two  or  three  inche:)  in  diameter,  (iood  oxaiti))le.s  of  \.\\\&  rook 
are  seen  ut  Kakow.  M,  Pusch  stiUca  tliat  rei)cnted  ob»t'rvatii«i9  have  con- 
vinced him  that  tLcse  cnncrctjona  are  derived  from  contls,  especially  Niilli- 
p€frte.  He  obserA'es  that  the  large  rcniform  coticrctiuns  of  Riikow  are  only 
the  Nullipora  bystoides.  Lam.,  or  tht;.V.  racuvtoia,  (Joldf.  lu  snuie  placex, 
p«rticularty  at  Skotniki,  near  Busko,  a  ruck  of  this  kind  appears  as  it  com- 
]N»ed  of  bullets  and  cannon-balls. 

It  should  be  stated  that  Prof.  Pusch,  from  a  careful  comparison  of  the 
ibolls  contained  in  the  supracretaceous  limestone  of  Pol.nml  with  those  figtireJ 
by  mrious  authors,  considers  that  the  tertinry  shells  of  Pnlaml  bear  a  much 
greater  retientblance  to  those  found  at  the  fout  of  the  Ituliun  .Alps  and  in  the 
Sub-Apennine  hills,  than  those  discoiered  in  Eiiglund  or  the  North  of 
France;  moreover,  that  the  specicji  which  at  Jirst  sij-lit  do  appear  idcntictd 
with  thoae  of  France  and  Italy,  are  found  to  be  vai'ieties  uflhcni  hIu-u  ex- 
amined with  attenti(>n. 

t  Pusch,  Journal  de  Ci^obgic,  t.  2. 
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cally,  as  llie  tertiary  sandstone  of  Szydtow  and  Chmielnik, 
in  Poland;  imd  ituit  this  fact  is  analofjous  to  liie  occurrence 
of  Jiii  eleplmnt's  molar  looili  and  tusk  iti  ilie  tertiary  sandstone 
of  Rzaka,  VV'ieliczka,  which  contains /*tWf;/j»o/ow/ca.<,  Saxi~ 
cavic,  and  many  oilier  nvarine  sliells.  The  reader  will  also 
observe  that  it  corresponds  with  the  occurrence  of  the  remains 
of  the  great  Pachyderniata,  previously  noticed  as  found  min- 
gled with  maiitie  exuvia;  in  iither  parts  of  Europe. 

It  will  have  been  remaeked,  that  lhrouj;lioat  tiiis  detail  of 
supracretaceous  rocks,  (perhaps  too  lonfj  tor  a.  work  of  this 
nature,)  the  observations  have  been  confined  to  certain  parts 
of  Europe.  Rocks  o\'  the  same  nature  no  doubt  abound  in 
other  parts  of  the  world  ;  indeed  wc  are  well  assured  that  very 
extensive  districts  are  composetl  of  them, — as  for  instance  in 
India;  but  our  knowledge  of  tlieni»is  as  yet  so  imperfect,  that 
we  c.innot  with  safely  compare  them  with  known  European 
deposits.  Dr.  Bntkland,  from  the  inlbrinatioii  which  he  ob- 
tained from  Mr.  Cruwl'nrd,  who  collected  an  abundance  of 
orfrauic  remains  on  the  banks  of  the  Irawadi,  considered  that 
supracretaceous  rocks  probably  existed  in  the  kingdom  of  Ava, 
containing  shells  of  the  genera  Aitciliaria^  Mnrcx.,  Ccrithiwn^ 
Oliva,  Astdtte,  Nticuht,  JCrijciuu,  TcUina,  Teredo ;  mixed  with 
sharks'  te«-th  and  fish  scales  :  these  remains  are  contained  in 
n  coarse  shelly  anil  sanely  limestone.  A  great  abundance  of 
mammiferous  and  other  remains  were  discovered  in  the  vici- 
nity of  some  petroleum  wells,  between  Prome  ami  Ava,  a}>- 
parently  mixed  with  nmth  silicified  wood  in  a  sandy  and  gra- 
veOy  ile|)osil.  The  bones  or  teeth  of  vertebrated  animals  con- 
sist oi  those  of  the  Mastodon  laf ideas,  Clift;  M.  cUphantoidesy 
Clifl;  Ilippopolamus ;  Siis ;  Rhinoceros;  Tapir;  Ox ;  Deer; 
Antdopf ;  Triunijx ;  Enij/s ;  and  Crocodiles  (2  species)*. 
Mr.  .Scott  met  with  beds,  probably  of  the  supracretaceous 
epoch,  in  the  Caribari  hills,  left  bank  of  the  Brahmpulra. 
The  following  section  (order  ascemling)  was  observed: — ■ 
1.  Slate  clay.  2.  Ferruginous  concretions  and  indurateil 
siind.  3.  Yellow  or  green  sand.  *.  Shile-clay.  5.  8and 
and  small  gravel.  Fossil  wood  is  found  on  the  indurated  clay; 
and  in  asnnill  isolated  hill  in  t!ie  vicinity  the  following  re- 
mains: Teeth  and  bones  of  sharks,  fish  palates  and  fin  bones, 
teeth  and  Ixmes  of  crocodiles,  remains  of  quadrupeds,  Ostrete, 
Ccrilhia,  TuniteUie^  Balaniy  PafellcVy  &c. f.  Tliese  exuvia; 
Intve  subsecjuejjtly  been  examined  by  Mr.  Pentlimil,  who  found 
that  the  maminiferous  remains  were  referrible  to  the  genus 
Atiihracotherium,  Cuv.,  to  a  species  allied  to  the  genus  AIos- 


*  Buckliiiid  atu]  Clift.  Vical.  Trans.  2nd  setics,  vol.  ii. 
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chuSj  to  a  small  species  of  the  order  Pachydfrmata.,  and  to  n 
carnivorous  animal  of  the  iienus  Viven'a.  The  Anthracothe- 
riiim  he  proposes  to  name  A .  Silistrcnse  ♦. 

'Hiese  observalitms  are  suflicient  to  sliow  that  rocks,  pro- 
bably suprncretaceojis,  exist  extensively  in   India.     Accord- 
ing to  Prof.  Vuniixeni  and  Dr.  Morton,  the  siipnicrctaceous 
or  tertiary  rocks  am  extensively   distributed   over  parts   of 
the    United    States,   occurring  in   Nantucket,  Lon«   Island, 
Manhattan  Island,  the  adjacent  coasts  of  New  York  and  New 
England  ;  sparingly  in  New  Jersey  and  Delaware,  but  ex- 
tensively in  Maryland  anil  to  the  southward.     The  deposit  is 
stated  to  be  composed  ot"  limestone,  buhr-stone,  sands,  gra- 
vels, and  clays;  and  contains  the  remains  of  the  genera  O.v- 
ireoy  Pecteriy  Area,  Pectuncidnsy  Tunitdlay  liuccinnm,   Venits, 
Mactra,  Natica,  TeUinOy  Nuculay  f'enericardia,  C/iama,  Cali/p- 
tr<£ay  FusuSy  Pafiopeeoy  Serjmloy  Dcntaliumy  Cerithiuviy  Ctir- 
dim/iy  Crassatelloy  Olivay    Luchuiy  Corbidoy  P^nda,  Crepidu-' 
lay  Pemoy  &c.     Of  150  species  of  these  shells,  found  in  a 
single  locality  in  St.  Mnry*s  county,  Maryland,  Mr.  Say  has 
described  and  figured  more  than  forty  as  newf.     Accord- 
ing to  Dr.  Morton,  the  upper  suprncretaceous  be<l5of  Mary- 
land and  the  more  southern  states  contain   the  following  spe- 
cies of  shells,  still  found  in  a  recent  state  on  the  coasts  of  the 
United  States : — Nalica  duplicatay  Say  ;  Fusus  ciueraiSy  Say  ; 
Pyrida  canca.  Lam. ;  P.  canafiadafa,  Lam. ;   Ostrca  virgiiticoy 
Linn. ;    O.Jlabellulay  Lam. ;    Plicatida  ramosoy  Lam. ;    Area 
aratOy    Say ;    Lucina  divaricatay   Lam. ;    Venxis   vteiceiiariay 
Linii. ;  V,  pnphia  ?  Lam. ;  Cylhcrea  concetttrica.  Lam. ;  Mac- 
tra  grandisy  l^inn.;   Fholas  costala,  Unu,;   Balanus  (iniinna- 
bulitm  ?   Lam.;    Turbo  Hi toreus?   Linn.;    and  a  BuccinumX. 
That  deposits  of  a  similar  age  are  not  wanting  in  South  Ame- 
rica seems  also  certain ;  but  as  yet  they  have  not  been  exa- 
mined  in  sufficient  detail  to  enable  us  to  institute  any  useful 
comparison  with  rocks  of  the  same  antiquity  in  Europe.  Nei- 
ther can  we,  for  the  same  reason,  judge  of  the  relative  anti- 
quity of  innumerable  igneous  formations  scattered  over  various 
parts  of  the  world.    As  the  science  of  geology  advances,  great 
insight  must  be  obtained  into  the  superficial  appearance  of  the 
"World  at  this  period,  lending  to  the  most  important  conclu- 
sions ;  but  wc  must  anticipate  very  serious  obstacles  to  this 
advancing  knowledge,  arising  frum  hasty  generali/.alions  of 
local  facts,  and  the  too  common  endeavour  to  force  conctu. 


i 


•  Pcntlund,  Oeol.  Trans.  2nd  Bcries,  vol.  ii. 

\  Vanuxen  and  Morton,  Journal  of  the  Academy  of  Natural  Sciences  of 
PliQBdelphia,  vol.  vi.  ;  Morton,  Ibid. 
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sions,  more  particularly  as  to  the  identity  or  parallelism  of 
tieposils. 

it  is  impossible  to  close  this  sketch  of  the  suprncrctaceous 
rocks  without  noticing  the  important  observations  of  Dr.  Boue 
on  those  of  Gallicia,  wherein  he  establishes  the  fact,  that  tl 
celebrated  salt  deposit  of  Wicliczka  constitutes  a  portion 
the  supracretaeeous  series.  Dr.  Bouo  describes  this  depos 
as  2560  yards  long,  1066  yards  broad,  and  281  yards  dt 
The  salt  is  termed  green  salt  in  the  upper  part  of  the  mint 
where  it  occurs  in  nodules  with  gypsuTii  in  marl.  The 
sometimes  contains  lignite,  bituminous  wood,  sand,  and  smt 
broken  shells.  In  the  lower  part  the  marl  becomes  more  are-" 
naceous,  and  there  are  even  beds  of  sandstone  in  the  salt. 
Beneath  this  is  a  gray  santlstonc,  rather  coarse,  containing 
lignite,  and  impressions  of  plants,  with  veins  and  beds  of  salt. 
In  the  lower  part  of  this  stratum  an  indurated  calcareous  marl 
is  observed,  containing  sulphur,  salt,  and  g}'psum.  Bcneatb^H 
this  is  an  aluminous  and  marno-argtllaceous  .schist.  From  th^^f 
fossils  and  various  other  circumstances,  Dr.  Boue  concludes 

that  this  great  suit  deposit  forms  part  of  a  muriatiferous  anil 

supracretaeeous   clay,    subordinate    to    sandstone    (molasse]|^| 
Most  frequently  the  marly  chiy.s  are  merely  muriatiferous  ;  a»^^ 
abundance  of  salt,  such  as  at  Wieliczka,  Bochnia,  Parayd  in 
Transylvania,  and  other  places,  being  more  rare  •• 

Volcanic  Action  (haim^  the  SnpiaaeiacetMts  Period. — \Vc 
have  already  seen  that  there  was  much  diflicuUy  in  stating  at 
what  periods  certiiin  products  of  extinct  volcanos  had  been 
thrown  out.  This  difficulty  is  by  no  means  lessened  as  »■« 
descend  in  the  series ;  for  the  seat  of  volcanic  action  seems  tu 
have  continued  nearly,  or  very  nearly,  in  the  same  place  for 
long  periods;  and  the  mere  circumstance  of  the  interstratifi- 
cation  of  volcanic  matter  with  aqueous  rocks,  whose  relative 
age  may  to  a  certain  extent  be  known,  will  not  always  give 
that  of  the  igneous  rocks  so  circumstanced,  because  we  cannot 
be  sure  that  they  have  not  been  injected  among  the  aqueous 
deposits;  and  when  this  may  have  happened  it  would  be  diffi- 
cult to  say.  Thus  Etna  would  appear  to  have  been  the  seat 
of  volcanic  action  through  a  long  series  of  ages,  commencing 
with  the  supracretaeeous  rocks,  on  which  much  of  the  igneous 
mass  is  now  based. 

In  Central  France,  amid  the  extinct  volcanos  which  there 
constitute  such  a  remarkable  feature  in  the  physical  geogra> 
phy  of  the  country,  we  certainly  approach  relative  dates  in 
some  instances.     Thus  the  volcanic  mass  of  the  Ploiub  du 


•  Bou^,  Journal  ^e  Gtologie,  t  i.  1830. 
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Cantal  appears  to  have  bnrst  through,  to  have  upset,  and  to 
have  fractured  the  fresh-wnter  limestones  ofthe  Cnntal,  which, 
accor<.ling  to  Messrs.  Lyell  and  Murcliison,  nifiy  be  equiva- 
lent to  the  fresh-wnter  deposits  o\'  the  Paris  basin,  and  to  those 
f)f  Hampshire  niid  tlie  Isle  ofWigiiL.  Tiie  lollowing  is  a  list 
otor^nic  reniaitis  obtained  by  tliein  in  the  fresh-water  rocks  of 
iJie  Cantal : — The  rib  of  an  animal  resembling  that  of  an  Ano~ 

Iplothaium  or  a  PaUrothcrium  ;  scales  of  a  tortoise;  fish  teeth  ; 
\J*otamidcs  Lamarckii  ;  Limruea  acuminata  ;  L.  columellaris  ; 
•l^.Jusifnrmis  ;  L.  longiscala  ;  L.  ivjiata  ;  L.  cmiica  ;  L.  Fa- 
Jbulum  ?  L.  stfigosa  ?  L,.  palustris  antiqua  ;  Bulimus  Terebra  i 
S.pj/gtneus?  B.  cottictts ;  Flanorbis  roiundatiis ;  P.  Corrni; 
¥.  rolttndus ;  Ancifltis  degans.  Plants  :  Vhara  viedicaginida, 
the  seeds  {gi/rogoni(es)y  aod  stems;   carbonized  wood.      It  is 

I  remarked,  that  out  of  this  short  list  there  are  eight  or  nine 
species  identical  with  those  found  in  the  upper  fresh-water 
rocks,  and  five  or  six  with  those  in  the  lower  fresh-water  de- 
posits of  the  Paris  basin  *.  Here  we  seem  to  obtain  a  rela- 
tive dale  for  the  upburst  ofthe  igneous  products  of  the  Plomb 
du  Cantal ;  one  posterior  to  the  deposit  oi'  the  fresh-water 
rocks  of  Paris  and  the  Isle  of  Wij^ht 

With  regard  to  the  relative  date  of  the  igneous  rocks  of 
Auvergne,  it  would  appear  from  the  labours  of  MM.  Croizet 
and  Jobert,  that  the  Montagne  de  Perrier,  N.W.  from  the 
town  of  Issoirc  (Puy  dc  Dome),  is  divided  into  two  stages  or 
terraces,  the  first  about  twenty-five  yards  above  the  valley  of 
the  Allier,  the  second  occupying  a  height  of  about  'iOO  yards. 
The  mountain  may  be  considered  as  based  on  gi-anite,  above 

■  which  there  is  a  considerable  thickness  of  fresh-water  lime- 
stone, surmounted  by  numerous  beds  of  rolled  pebbles  and 
sand,  of  which  one  in  particular  is  remarkable  i'or  the  abun- 
dant remains  of  mamnmlia  fouiul  in  it ;  the  whole  crowned  by 
■  a  mass  of  volcanic  matter. 
MM.  Croizet  and  Jobert  consider  tliat  in  this  locality  and 
in  the  neighbouring  country  there  are  about  thirty  beds  above 
the  fresh-water  limestone,  which  may  be  divided  into  four  al- 
ternations of  alluvial  detritus  and  basaltic  deposits.  Among 
the  beds  there  are  four  which  contain  organic  remains:  three 
belonging  to  the  third  of  the  ancient  alhivions,  that  which  suc- 
ceeded the  second  eiioch  of  volcanic  eru})tions  ;  the  third  fos- 
siliferous  deposit  being  referiible  to  the  last  epoch  of  ancient 
alluvion.  The  whole  of  these  beds  are  not  seen  in  the  Mon- 
tagne de  Perrier,  but  are  tietertuined  from  the  general  struc- 
ture ofthe  country. 

^B        •  Lyell  and  MnrclitHon,  Sur  \ca  Depots  Lnaistres  Tcrtiaircs  du  C'antnl,  &c. 
■     Knn.  dea  Sci.  Nat.  1829. 
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The  principal  ossiferous  bed  is  about  nine  or  ten  feet  thick, 
and  can  be  traced  n  considerable  distance  at  the  foot  of  the 
Montagne  de  Perrier,  and  in  the  Vallce  de  la  Couse  on  the 
opposite  side.  The  Ibssi!  species,  according  to  MM.  Croizet 
and  Jobert,  arc  very  niitnerous,  consisting  of : — Elephant,  one 
species;  Mastodon,  one  or  two ;  Hippopotamus,  one;  Rhi- 
noceros, one  ;  Tapir,  one  ;  Horse,  one  ;  Boar,  one  ;  Fehs, 
four  or  five  ;  Hytena,  two  ;  Bear,  three  ;  Canis,  one  ;  Cas- 
tor, one;  Otter,  one;  Mare,  one;  Water-Rat,  one;  Deer, 
fifteen;  and  Ox,  two.  The  animals  were  of  all  ages,  and 
the  various  remains  mixed  jjell-meli  with  encli  other.  The 
bones  are  never  rolled,  though  often  broken,  and  sometimes 
gnawed.  Mingled  with  these  exuviie  are  the  abundant  fae- 
cal remains  of  tlie  Carntvora,  appearing  to  occupy  the  place 
where  they  have  been  drop])ed.  Hence  the  authors  con- 
clude that  the  remains  have  not  been  far  removed  from  the 
places  where  the  animals  existed,  and  that  the  lignites  found 
among  these  beds  are  the  exuvitp  of  the  vegetation  upon  which 
manv  of  them  subsisted. 

MM.  Croizet  anil  Jobert  notice  the  following  remains  in  the 
fresh-water  sands,  clays,  and  limestone  of  the  country,  over 
which  they  consider  that  the  first  basaltic  currents  flowed: — 
Anoplothcrium  ?  two  species ;  Lophiodon,  one ;  Anthracothe- 
rin/ttf  one;  Hippopotamus^  one;  a  Ruminant;  Cants,  one; 
Marten,  one;  La-^omtfSy  one;  a  Rat;  Tortoise,  one  or  two; 
Crocodile,  one ;  Serpent  or  Lizard,  one ;  Birds,  three  or  four 
(among  the  latter  remains  are  their  eggs,  perfectly  preserved); 
Cypris  Jaba  .-  Helix ;  Li/mrnca  ;  Planorbis  ;  Cyraia ;  Gyro- 
gonites,  and  other  vegetable  exuviae.  It  should  be  obser\'ed 
that  M.  Bertrand-Roux*  had  some  time  previously  observed 
the  remains  of  a  PaUcotkerium  in  a  similar  rock  in  the  Puy  en 
Velay,  and  that  the  ft'csh-waier  rocks  at  Volvic  contain  birds' 
bones  f, 

M.  Bertrand  de  Doue  describes  the  occurrence  of  bones 
entombed  in  and  beneath  volcanic  matter  near  St.  Privat- 
d'Allier  (Velay).  After  stating  that  the  discovery  was  due  to 
Dr.  Hibbert,  who  communicated  it  to  him,  and  that  he  pro- 
ceeded to  the  spot  }>ointetl  out,  accompanied  by  M.  Deribier, 
he  notices  the  following  (.lescending  section  : — n,  third  and  last 
flow  of  basaltic  lava ;  i,  second  flow,  four  yards  thick ;  c,  gray- 
ish volcanic  cinders,  two  to  four  decimetres  thick ;  c/,  agglu- 
tinated scoria-  and  tuff,  one  or  more  yards  thick,  in  the  upper 
part  of  which  the  bones  were  discovered ;  f,  oldest  plateau  of 

•  Now  M.  Bertrand  de  Doue. 

t  Croizet  and  Jul>«rt,  Hechcrches  sur  let  Ou,  Foia.  du  Depart,  du  Puy 
de  Dome ;  and  A.np.  des  Sci.  Nat.  t.  xv.  182S. 
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isaltic  lava ;  /J  gneiss.     The  osseous  remaius  were  tliose  of 
the  Bhinoccros  lejitorhimis,  Ilycena  spelirOf  aud  a  large  pro- 
'  portion  of  bones,  referrible  to  at  least  four  uiidetermined  spe- 
cies of  Ctrvi. 

The  same  author  coiisklcrs,  from  the  fractured  character 
and  irregular  di><trJbution  of  tlie  bones  over  a  horizontal  and 
limited  space,  that  this  place  whs  ihe  retreat  of  hyapnas,  alibrd- 
^ung  them,  from  the  nature  of  the  country,  the  best  shelter 
^Hhey  could  find.  Into  thib  It  is  considered  they  dragged  their 
^Bprey,  as  appears  to  have  been  done  in  the  case  of  Kirkdale. 
^Bt  ih  observed  that  the  lava-current  which  passed  over  the 
Hpnders  containing  these  remains  has  very  little  altered  the 

M.  Bertrand  de  Doue  does  not  consider  the  detrital  deposits 
^Kufthe  country  as  produced  by  transport  in  a  body  of  waters 
^Pfroro  a  distance,  but  by  a  succession  of  local  causes,  the  sub- 
stances being  all  derived  from  the  vicinity.     He  supposes  the 
^—distribution  of  the  lateral  valleys  connected  with  the  Aliier, 
^■(ftmor)g  wliich  is  that  where  the  bones  were  discovered,)  the 
^^Bame  now  as  when  llie  neighbouring  volcanos  were  in  activity; 
and  remarks  on  tlie  *'  incertitude  in  establishing  the  chrono- 
^^ogical  relations  between  the  epoch  when  the  volcanos  of  lite 
^PVelny  became  extinct,  and  that  in  which  tliese  animals  dis- 
appeared from  our  clin^ales*." 

M.    Robert,   describing  the  position   in  which  numerous 

tiones  have  been  discovered  at  Cussac  (Haute  Loire),  men- 

^Klions  that  marls,  without  fossils,  rest  on  the  granitic  rocks  of 

^ftbe  country.     At   Solilijac  liiese   marls  are  surmounted   by 

^Hhvey  marls  about  two  or  three  feet  thick,  containing  plates 

^Rr^ica,  grains  of  quartz,  volcanic  ashes,  basallic  gravel,  and 

impressions  of  gramuieous  plants  ;  they  also  contain  the  entire 

skeletons  of  unknown  Deer  and  Aurochs,  ivith  other  bones. 

Above  these  are  beils  of  volcanic  sand  two  or  three  yartis 

^Bhick,  with  small  basaltic  and  granitic  pebbles,  containing  the 

Hvemains  of  Ruminants  and  Puchi/dcrmaiay  the  bones  being 

more  or  less  broken.     On  these  re>.l  alluvions  of  greater  soli- 

.idity,  composed  of  the  same  volcanic  sand,  large  granitic  and 

Baltic  blocks  i.of  which  the  angles  are  not  rounded),  geodes 

>f  hydrate  of  iron,  and  bones,  which  appear  to  have  been  ex- 

jsetl  to  the  air  before  they  were  enveloped.     All  these  sub- 

inces  are  cemented  by  oxide  tif  iron,  and  beds  of  ferrugi- 

jous  sands  either  alternate  witli,  or  repose  on,  tlvp  alluvions. 

M.  Rol)ert  extracted  from  these  I'errujrinous  beds  at  Cussac 

the  remains  of  the  Elepkas  primigenius ;  the  Rhinoceros  Icp- 

iorhinus ;    the   Tapir  Arvernensis;    the  Horse,  two  species; 


•  Bertrand  de  Doue,  Ediii.  Journat  ofSci.  vul.  ii.  new  aeries,  1830. 

T 


y?* 


Supracretaceous  (ytottp. 


Deer,  seven  species  (to  two  of  which  he  assigns  the  names  of 
Cervus  SoHlhacus^  and  C-  Damn  Polignacus),  tlic  Bos  Utus 
anU  lios  f'elaunuSf  and  the  Antelope.  The  same  author  re- 
fers the  entoinbnienl  of  these  remains  to  a  more  ancient  date 
than  tlie  accumulation  of  bones  at  St.  Prevat  and  Perrier,  ct>n- 
sidering  it  due  to  some  particular  cataclysm,  which  surprised 
the  animals :  thus  explaining  the  occurrence  of  entire  skeletons 
of  young  and  old  individuals  found  mingled  at  Solilhac;  a 
state  of  things  differing  from  the  accumulations  at  St-  Prevat 
Bn<l  Perrier,  wljcre  the  bones  seem  to  have  been  dragged  into 
their  present  position  by  carnivorous  animals,  whose  bone^i 
are  also  mixed  with  those  of  their  prey*. 

Dr.  Hibbert  considers  that  the  lowest  supracretaceous  roclu 
of  the  Velay  were  deposited  in  f>-esh-water  lakes,  entombing 
the  remains  of  the  PaUcotkerium  and  ^-luthracatherium,  of  ter- 
restrial and  fresh-water  shells,  and  of  the  vegetation  which 
then  existed;  such  deposit  being  of  long  continuance,  as  shown 
by  its  depth,  which  amounts  to  450  feet.  Tiiis  deposit  ceased, 
and  the  land  became  covered  with  forests  and  animals;  the 
forests  being  of  a  marshy  growth.  The  common  degradation 
of  land  taking  place,  parts  of  this  vegetation  were  variously 
entombed,  as  were  also  the  remains  of  animals  which  iheji 
existed ;  such  as  various  species  of  Crrz'I,  some  of  large  sijte, 
Diiitnals  oi"  tlie  Bos  kind,  the  Jtliinoccros  IcjitorltiMis^  anil  the 
Hy(cna  spcl/ca.  Volcanic  explosions  now  took  place  through 
various  vents,  ejecting  trachyte  and  basalt,  the  latter  predo- 
minating, piercing  the  fresh-water  deposit  in  some  places,  and 
coverin};  it  with  Javas  in  others.  Notwithstanding  these  con* 
vidsions,  vegetation  still  flourished  in  certain  situations,  and 
became  entombed  amid  volcanic  products,  as  is  seen  at  Collet, 
Ronzid,  and  other  places,  where  vegetable  matter  conlainetl 
in  black  carboniferous  clays,  "  acconipanied  with  ferruginous 
sands,  alternute  with  rollt^d  masses  of  trachyte,  phouolite, 
basalt,  or  volcanic  cinders."  During  the  progress  of  these 
eruptions,  the  water-courses  became  much  derangetl,  lava- 
currents  crossing  these  channels,  dannning  up  the  passage* 
and  forming  lakes,  in  which  various  singular  compounds  and 
rock-mixtures  were  produced.  It  would  appear  from  the 
large  size  and  rounded  angles  of  many  of  the  fragments  of 
basalt,  that  great  currents  of  water  had  acted  upon  them  in 
certain  situations.  After  a  time  this  great  confusion  seems  lo 
have  ceased,  and  the  large  fragments  became  covered  by  R 
deposit  of  Mind  i\ud  clay,  formed  into  regular  strata,  as  may 
be  observed  near  Cussac.  During  this  state  of  things  near 
Cussac,  animals  of  the  Bos  kind,  and  gigantic  stags,  became 


•.  Robert,  FinuMi^'s  DuUetin  de  Sci.  Nat.  et  de  Geolngie,  Oi(.  1830. 


Suprneretateous  Group. 


275 


Bntonibed.  After  tliis,  ihe  tlislrict  seems  to  have  become  tbe 
haunt  of  hysBDHs,  nhich,  issuing  from  their  dtiis  in  search  of 
food,  dragged  their  prey  into  their  retreats*,  in  the  manner 
of  the  Kirkdale  hyaiias. 

In  these  various  localities  in  central  France,  the  evidence 
seems  generally  in  favour  of  the  great  outburst  of  volcanos 
after  the  deposit  of  very  extensive  fresh-water  rocks,  the  vol- 
canic action  continuing  more  or  less  from  that  period  up  to  a 
comparatively  recent  date. 

Quitting  central  France  and  proceeding  either  in  the  di- 
rection of  Aix  or  Montpellier,  we  fiiul  remains  of  volcanos, 
which  probably  were  more  or  less  contemporaneous  with  those 
ofAuvergne.  Beautieu  near  Aix  has  been  known  since  the 
time  of  De  Saussure. 

Spain,  Italy,  and  Germany,  present  us  with  various  igneous 
rocks,  which  appear  rr^ferrible  \o  the  epoch  in  which  the  su- 
pracretaceous  rocks  were  in  the  course  of  formation.  As  yet, 
the  volcanic  rocks  of  Spain  are  little  known;  but  those  of 
Germany  and  Italy,  and  especially  those  of  the  latter,  have 
lonjr  engaged  ihe  attention  of  geologists. 

Tile  tuganean  Hills,  south  of  Padua,  present  a  mass  of 
trachytic  and  other  volcanic  products,  which  belong  to  the 
sopracretaceous  epoch ;  as  they  rest  in  certain  situations  on 
scagiiof  the  etjuivalent  of  clialk.  Dr.  Daubeny  mentions  that 
the  trachyte  is  associated  with  basalt  at  Monte  Venda.  The 
same  author  informs  us,  tlmt  at  the  kiiil  of  Belmonte  in  the 
Vicentine,  a  rivuSet  section  exposes  five  basaltic  dykes,  which 
from  their  mode  of  occurrence  might  be  mistaken  for  an  in- 
lerstratification  of  chalk  and  basalt.  *'  Dykes  of  basalt  are 
also  frequently  seen  traversing  this  formation  at  Chiampo* 
Valdagno,  and  Magre,  but  without  altering  the  adjacent 
ijjuckf."  An  extensive  formation  of  porphyritic  augile  rock 
PDvers  tlie  whole  district,  resting  in  some  places  on  clialk,  in 
odiers  on  older  rocks,  filh'ng  up  the  pieexisling  inequalities 
in  each;  the  upper  part  is  amygdnloidal ;  this  is  surmounted 
by  variuus  alternations  of  calcareous  beds,  with  others  com- 
posed of  fragments,  basalts,  volcanic  sand,  and  scoriform  lava; 
the  aggregate  or  mixture  of  volcanic  substances  containing 
fossil  remains,  ns  well  as  the  calcareous  deposits,  and  being 
often  as  fully  charged  with  them  %.  The  long  celebrated  fossil 
fish  froin  Nionte  Bolca  are  tierived  lr<mi  the  calcareous  beds  of 
this  deposit.  At  Ilonca  there  are  six  alternations  of  volcanic 
substances  with  the  calcareous  beds,  the  lowest  volcanic  pro- 
duct being  a  cellular  basalt. 

•  Hilibert.  On  the  Fossil  RcmBini  of  the  Veloy;  Edin.  Jourii.  of  Sci. 
»ol.  iii.  1830. 

t  Duuhtnv,  Dewripliuu  of  Volcimns.  J  /Li4L 
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M-  Al.  Brongniart  presents  us  with  die  following  list  ol  the 
shells  and  zoophytes  in  these  beds  of  the  Viceutine,  the  h>c;i- 
lity  of  each  bcinj^  marked  (11.  for  Runca;  C.  G.  Castel-Gom- 
berto;  V,  S.  Val-Sangoiiini ;  M.  M.  Monteccio-Mag^inre:): 
—Nummulites  nummiformis^  Defr.,  R. ;  Bulla  Foriisii,  Al. 
Brong.,  R. ;  Helix  damnata^  Al.  Brong.,  R. ;  Turbo  ScobiJia, 
Al.  Brong.,  C.  G. ;  T.  Asmodei,  A  I.  Brong.,  R.;  Monodonta 
Cerberi,  AL  Brong.,  V.  S. ;  Tmritdla  incisa,  Al.  Brong.,  R.; 
T.  aspci'ula,  Al.  Brong.,  R. ;  T.  Arc/iimedis,  Al.  Brong.,  R. ; 
T.  imbricatariu.  Lam.,  R. ;  Trochus  atmulans,  AL  Brong., 
C.  G. ;  T.  Lucasianus,  Al.  Brong.,  C.  G. :  Solarium  umbro' 
sum,  AL  Brong.,  R. ;  Amjmllaria  Viikani,  AL  Brong.,  R. ; 
A.ptTiista,  Detr.,  R.:  A.  obesa,  Al.  Brong.,  M.  M.  and  C.  G.; 
A.  depressa,  Lam.,  R.;  A.  spirafa.  Lam.,  V.  S. ;  A.  cock- 
learioy  AL  Brong.,  C.  G. ;  Melnnia  costrllala^  Lam.,  (van 
roncann,  Al,  Bunig.,)  R.,  and  V.  S. ;  M.  elongata,  A  I.  Brong., 
C.  G. ;  M.  Sti/gii,  Al.  Brong ,  R. ;  Nerita  conoidca.  Lam.,  R.; 
N.  Ac/tcrontis,  Al.  Brong.,  R. ;  N.  Caroiiisy  C.  G. ;  Nadca 
cepaceOf  Lam.,  Val  de  Chiampo;  N.  epigiuttina^  Lam.,  R.; 
Conus  deperditnsy  Broc.  (var.  roncamis,  Al.  Brong.),  R. ;  C.  al- 
siosus,  AL  Brong.,  R. ;  Cj/pnca  Ami/gdalum,  Bioc,  R.;  Cyp. 
iiiflata,  Lam.,  R, ;  Tcrcbt'llinii  obvolutum,  Al.  Brong. ;  I'oiuta 
subspinosa,  Al.  Brong.,  R. ;  /'.  arnnlatay  Lam.,  V.  S. ;  V.af' 
Jinia,  liroc,  II.;  Marginella  Fhaseolus,  Al.  Brong.,  R.; 
AL  ebunway  Lam.,  R.,  and  V.  S. ;  Nassa  Caronis,  AL  Brong., 
R.;  Cassis  striata.  Sow.,  R. ;  C.  Tbesei,  Al.  Brong.,  R.; 
C.  u^ni'ce,  Al.  Brong.,  R.;  Mnrcx  angulosiis^  Broc,  various 
parts  of  the  Vicentine ;  M.  tricarinatus,  Lam.,  Vicentiiie; 
Terebra  Vulcani,  Al.  Brong.,  R. ;  Ccrilhitim  aulcatum.  Lam. 
{vAT.roTicajiumy  AL  Brong.),  R. :  C  inultisulcatum,  Al.  Brong., 
R. ;  C.  undosum,  AL  Brong.,  R. ;  C.  combustumy  Defr.,  R, ; 
C,  calcaratiim,  Al.  Brong.,  R. ;  C  bicalcaratum,  AL  Brong., 
R.  &c. ;  C.  CastcUi/ii,  A  I.  Brong.,  R. ;  C.  Maraschini,  AL 
Brong.,  R. ;  C.  coringainm.  Al.  Brong.,  R. ;  C  saccalum,, 
Defr.,  R.;  C.  ampullosum,  AL  Brong.,  C.  G.;  C  plimlumy 
Lam.,  R.;  C.  lemniscaium,  Al.  Brong.,  R. ;  C.  St r opus,  AL 
Brong.,  C.  G. ;  Fusiis  iiUortns,  Lam.  (var.  roncamiSy  Aj 
Brong.),  R. ;  F^  Noec,  Lam.,  R. ;  F.  subcaritiatt/s.  Lam.  [vi 
R. ;  F.  polygonus,  Lam.,  R. ;  F.  pohjgouatm,  AL  Brong,, 
Plcurotoma  clavicularis.  Lam.,  M.  M . :  Pteroceras  Rat 
Al.  Brong.,  C.  G. ;  SCrombus  Ftjrtisii,  AL  Brong.,  R. ;  Rost^ 
laria  corvitia,  Al.  Brong.,  R. ;  Ros.  Pes-carbonis,  AL  Broi) 
R.;  Hippont/x  CornucopifC,  Defr.,  R.;  C/iiima  cnlcaratOy  Iau 
C.  G. ;  Spondyluscisalpinus,  AL  Brong.,  C.  G. ;  Ostrea, 
Pcctcn  lepidotaris?  Lam,,  R. ;  P.  plcbcius?  Lam.,  R. ;  Area 
Pandora:,  Al.  Brong.,  C.  G.;  Ali/tilus coi rugatus,  AL  Brong., 
R. ;  M.idulis?  Liuu.j  R.;  M,  Antiquorwn,  Sow.,  R.;  Lu- 
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^eina  Scopulorum^  Al,  IJfong.,  R. ;  L.  gibbosula,  Lam.,  R. ; 
Cardita  Anluini,  Al.  I3roiig.,  C.  G. ;  Cardium  aspcrulum^ 
Lam.,  C.  G.;  Cordis  AglaurfC^  Al.  Brong.,  C.  G.;  Cor.  lu" 
mellnsa,  Larn.,  R. ;  Venus P  Proserpina,  AL  Brong.,  R. ;  V.? 
M.anra,  Al.  Brong  ,  R. ;  Vcnaicardia  imbricata,  Lnm.,  C.  G.; 
'Vcn.  L^urtCf  Al.  Brong.,  C.  G. ;  Mactra  ?  erebea,  Al.  BroQg., 
R. ;  M.?  SiretiOy  Al.  Brong.,  R.;  Ci^pricardia  cydoptea,  Al. 
Brong.,  R.;  Psamviobia  pudicu,  Al.  Brong.,  V.  S. ;  Cassidu- 
iiis  tfstudinariusy  A  I.  Biong.,  R. ;  Nuclculites  Ovidum?  Lam., 
R. ;  Astrea f unesta^  AX.Mvim^.^  R.;  Turbinolia  appendiadatOt 
Al.  Brong.,  R. ;   T.  siiiuosa^  Al.  Brong.,  Vicentine*. 

It  has  lieen  concluded,  atid  with  grt^at  probability,  that 
rtliese  rocks  were  produced  by  the  alternate  eruptions  of  vol- 
jcanos  in  the  vicinitw  and  the  deposit  oi  cnleareous  matter  in 
sliuUotv  seas.  M.  brongniart  mentions  that  jmrasitical  shells 
and  certain  corak  are  seen  adhering  to  h'agnteiits  of  igneous 
rocks,  which  shows  that  these  rocks  have  had  abundant  time 
to  cool  and  form  the  bottom  of  the  sea  previous  to  the  deposits 
above  them.  And  as  in  some  places  igneous  products  and 
pealcareous  deposits  often  alternate,  we  may  infer  that  a  long 
riod  elapsed  during  the  formation  of  the  whole. 
Oil  the  north  and  south  of  Rome  there  is  abundant  proof 
of  extinct  volcanic  action.  At  Viterbo  basaltic  rocks  rest  ou 
a  compound  of  pumice  and  volcanic  lull",  in  %vhich  the  bones 
ofniammalia  have  been  discovered;  reminding  us  of  Anvergne, 
I'ftome  itself  is  founded  on  rocks  of  volcanic  origin,  mixed  with 
others  which  are  aqueous,  and  mostly  of  contemporaneous 
formation.  Proceetling  hence  to  Sicily,  we  find  it  very  diffi- 
cult to  conceive  when  the  volcanic  action  conmienced  which 
I  uow  finds  a  vent  at  ICliia ;  as  volcanic  products  are  found 
^■Viixetl  with  supracretaceous  rocks.  Dr.  Daubeny  observes, 
^Btliat  the  supracretaceous  blue  marl  which  occupies  a  consider- 
^Bible  portion  of  Sicily,  contains  sulphur,  various  sul[ihuric 
^^  salts  and  muriate  of  soda  ;  all  substances  sublimed  from  mo- 
I  dern  vulcanos,  and  which  njayhave  been  produced  by  exhala- 
^bions  from  beneath. 

^m  Among  the  variety  of  volcanic  products  in  the  vicinity  of 
the  Rhine  and  neighbouring  parts  of  Germany,  are  many 
which  seem  clearly  to  belong  to  the  supracretaceous  epoch. 
Among  these  may  be  mentioned  the  Siebengebirge,  the  West- 
^■erwaln,  the  Habichtswnld  near  Cassel,  and  the  Meisncr  near 
^|£!ichwege.  The  Siebtngebirge  are  composed  of  trachyte, 
basalt,  and  volcanic  conglomerates,  traversed  by  dykes.  The 
Westerwald  is  composed  of  the  like  substances.  Basaltic 
knolls  are  scattered  over  the  country  between  the  Westerwald 

Bronguiart,  Ti-rraiiu  Calcarco-Trap|>£cns  du  Vicetitin,  1823. 
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and  ihe  Vogelsgebirge»     The  Kaiserstuhl  and  ibe  igneoo^ 
rocks  on  the  nortli  of  the  lake  of  Constance  would  appear  to 
be  examples  of  volcanic  roiks  which  may  have  been  ejected 
at  tlie  supracreiaceous  epoch. 

According  to  M.  Beudant  there  are  five  principal  volcanic 
groups  in  Hungary,  referrible  to  the  age  with  which  we  are 
now  occupied;  —  !.  Tliat  in  the  district  of  Schemnitz  and 
Kremt»it/.  y.  That  constituting  Dregeley  mountains,  near 
Gruii  on  the  Danube.  8.  That  of  the  Mutra,  in  the  centreof 
Hungary,  i.  The  chain  commencing  at  Tokai,  and  extend- 
ing  north  about  twenty-five  leagues.  5.  That  of  Vihorlet,  con- 
nected with  the  volcanic  mountains  of  Marmorosch  (borders 
of  Transylvania).  The  whole  composed  of  diiFerent  varieties 
of  trachytic  rocks. 

According  to  Dr.  Bouc,  volcanic  rocks  of  undoubted  su- 
pracretuceous  origin  occur  in  Transylvania.  They  constitute 
a  range  of  hills  separatijig  Transylvania  from  Szecklerland, 
and  extending  from  the  hill  of  Kelemany,  north  of  Kemebyel, 
to  the  hill  Budoshegy,  on  the  north  of  Vascharhely.  They 
are  principally  computed  of  varieties  of  trachyte,  and  trachytic 
conglomerate*. 

From  the  obseivations  of  Von  Buch  and  Dr.  Daubeny,  it 
appears  that  Gleichenburg,  not  far  from  Gratz,  Styria,  is  com- 
posed of  Irachj'te,  round  which  are  mantle-shaped  strata  of 
volcanic  products  and  supracretaceous  beds,  alternating  with 
each  other. 

If  we  turn  from  these  igneous  products  on  the  continent  (A' 
Europe  to  our  own  islands,  we  find  that  great  igneous  eruptions 
have  taken  place  in  the  north-eastern  parts  of  Ireland,  after 
the  deposit  of  the  chalk,  and  consequently  in  the  supracreta- 
ceous period.  The  basaltic  ranges  of  ttie  celebrated  Giant's 
Causeway,  Fairheud,  &c.  belong  to  this  eruption,  which  in  its 
npburst  has  torn  and  rent  all  which  it  encountered,  entangling 
enormous  masses  of  chalk,  as  may  be  seen  at  Kenbaan.  We 
find  the  mass  of  this  erupted  igneous  rock  to  be  basaltic, — 
sometimes  columnar,  at  others  not;  the  two  varieties  being  so 
arranged  on  the  coast  between  Dunseverie  Castle  and  the 
Giant's  Causeway,  that  they  have  the  appearance  of  being  in- 
terstrati6ed.  At  Murloch  Bay,  Fairhead,  and  Cross  Hill, 
the  basalt  rests  on  coal  measures;  at  Knocklead  and  other 
places,  on  chalk +.  As  an  intermixture  with  supracretaceous 
rocks  has  not  yet  been  observed,  the  relative  date  of  this  erup- 
tion cannot  be  well  determined.  Both  the  basaltic  mass  and 
the  rocks  on  which  it  rests  have  been  traversed,  at  a  {leriod 

•  Daubeny 's  Volcano*. 

+  Biirkland  and  Conybearr.  {ieiJ.  Trans,  vol.  iii. ;    and    SccLiont  *od 
Vicwk  iUiutiative  of  Ucotogical  Flueuomena,  pi.  19. 
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posterior   to  die  first  overflow  of  the  former,  by  dykes  of 
igneous  matter:  one  of  these  has  pro- 
dticed  a  singular  change  in  the  chalk,  |''S'       '      _ 

which  it  cuts,    together   with    superin-    .     ^!":M>V:l(if'''i  ( 
cumbent  basalt,  in  the  Kle  of  Raghlin, 
as  will  be  best  explained  by  the  annexed 
section.      a   a   a,    trap   dykes    culling 
through  chalk  b  b,  which  it  has  converted  into  granular  lime- 
stone c  c  c  c. 

It  now  only  remains  to  consider  those  recent  observations 
on  the  Alps,  Pyrenees,  and  the  vicinity  of  Maestrtcht,  which 
seem  to  point  to  at  least  a  zoological  passiige  of  this  group 
into  the  next;  appearing  to  show,  that  from  the  progress  of 
science,  the  clear  line  of  separation  once  supposed  to  exist 
between  the  secondary  and  lerttary  cbsses,  as  they  are  termed, 
cannot  be  drawn,  but  tliat  the  zoological  character  of  the  upper 
part  of  the  one  and  the  lower  portion  of  the  other  would  ap- 
proach ejich  other,  as  indeed  might  be  expected ;  for  we  cjm- 
not  conceive  a  natural  dehtruetifjn  of  lile  so  general  as  to  cause 
the  complete  annihilation  of  animals,  particularly  those  which 
are  marine,  existing  at  any  given  time,  so  that  a  totally  new 
creation  should  be  necessary.  Such  n  supposition  would  not 
Hppear  to  accord  wilh  what  is  observable  in  other  rocks,  as 
will  be  noticed  in  the  sequel.  It  is  not  contended  that  there 
may  not  be  great  specific  distinctions  in  the  remains  entombed 
in  thist  and  the  next  group  in  many  parts  of  Europe,  but  merely 
that  it  does  not  necessarily  follow, — because  Europe  may  pre- 
sent VIS  with  two  classes  of  rocks,  one  of  which  may  be  named 
tertiary  and  the  other  secondary,  from  the  general  nature  of 
their  organic  contents, — that  in  many  parts  of  the  world  the 
whole  may  not  constitute  a  series  in  which  lines  of  distinction 
cannot  be  drawn.  Suppose  some  violent  cause  should  pro- 
duce a  great  debacle  which  should  rush  over  Europe,  the 
land  and  fresh- water  animals  and  plants  would  probably  be 
destroyed ;  and  we  will  even  consider,  for  the  sake  of  the 
argument)  that  the  marine  inhabitants  of  our  seas  perished 
also, — does  it  necessarily  follow  that  the  marine,  fresh-water, 
and  terrestrial  inliabitants  wouhl  also  be  annihilale<t  in  Aus- 
tralia ?  Should  wc  not  rather  consider  that  these  would  be 
entombed,  if  rocks  were  there  forming,  as  weiii  after  and  during 
the  destruction  of  European  life,  as  previous  to  it?  and  that 
the  rocks  formed  in  tliose  regions,  about  this  supposed  period, 
would  by  no  means  show  any  alteration  in  their  zoological 
character  ?  That  very  great  changes  have  taken  place  in  the 
organic  character  of  deposits  in  the  same  districts,  and  that 
somewhat  suddenly,  dues  not  admit   of  a  doubt:   but  it   is 
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a  subject  on  wliicli  we  are,  a.i  yet,  far  from  seeing  on 

clearly. 

There  is  always  great  difficulty  in  compr<*liending  why  th^ 
marine  remains  should  be  so  sudtlenly  clmnifed  in  certain  de- 
posits, which  do  not  exhibit  marks  of  being  the  results  of 
violent  commotion;  for  although  we  can  understand  why  ter- 
restrial and  fresh-water  animals  should  be  destroyed  by  a 
change  in  the  relative  levels  of  sea  and  land,  or  an  inroad  of 
the  sea,  it  is  difficult  to  comprehend  why,  from  the.se  causes 
alone,  the  jjeneral  character  of  the  marine  animals  should  be 
changed.  The  depth  of  n  sea  may,  indeed,  be  so  changed, 
from  a  movement  in  the  bottom,  that  deep  water  may  be  ren- 
deveil  shallow,  and  shallow  water  deep;  but  it  does  nut  seem 
to  follow  that  the  iidiabilants  should  necessarily  all  perish,  the 
species  being  so  cnmpletely  destroyed  as  never  to  be  found 
aiterward*.  t)ii  the  contrary,  we  should  be  led  to  infer  thai, 
though  such  changes  would  by  no  means  suit  the  habits  of  the 
respective  inhabitants  oi'such  waters,  they  would  merely  induce 
them  to  seek  situations  better  calculated  for  their  various 
moiles  of  live. 

From  an  examination  of  portions  of  the  Austrian  and  Ba- 
varian Alps,  in  1829,  Professor  Sedgwick  and  Mr.  Murchisun 
concluded  that  they  had  discovered  a  scries  of  beds  interme- 
diate between  the  chalk  and  commonly  known  supracretaceous 
rocks,  affording  as  it  were  a  passage  of  the,  so  called,  tertiary 
class  into  the  secondary ;  yei^  as  they  were  above  the  true  chalk, 
being  considered  as  tertiary.  The  correctness  of  this  deter- 
mination is  cfuestioned,  more  particularly  by  Dr.  Bone,  who 
contends  that  the  disputed  rocks  belong  to  the  cretaceous  se- 
ries According  to  the  former  authors,  the  vutlcy  of  Gosau, 
in  the  Salzburg  Alps,  presents  a  gootl  example  of  the  correct- 
ness of  their  views.  This  valley  is  described  as  about  2600 
feet  above  the  level  of  the  sea,  exhibiting  lliese  newer  strata 
brought  suddenly  into  contact  with  more  ancient  rocks  on  one 
sitle.  The  (oilovving  is  state*!  to  be  a  section  of  them,  in  the 
descending  order.  *'  1.  Red  and  green  slaty  micaceous  sand- 
stone, several  hundred  feet  thick  (cap  of  the  Horn).  2.  Green 
micaceous  gritty  sandstone,  extensively  qtinrried  as  whetstone, 
succeeded  by  yellowish  sandy  marls  (ilessenberg).  3.  A  vast 
shelly  series  cotjsisting  of  blue  marls  alternating  with  strong 
betls  of  compact  limestone  and  calcareous  grit,  the  upper  beds 
of  which  are  marked  by  obscure  traces  of  vegetables,  and  the 
middle  and  interior  strata  by  a  prodigious  quantity  of  well 
preserved  organic  remains*."    The  fossils  found  in  the  low( 
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Supracrciuccous  Giuup. 


2ft  1 


strata  at  Go^au  bear  ihe  impress,  according  to  these  authors, 
o\  the  cretaceous  period;  while  those  of  the  overlyiD^  blue' 
jarls  approach  so  nearly  to  nmiiy  species  of  the  lower  supra- 
'cretaceous  or  tertiary  formations,  that  they  refer  the  whole  de- 
posit to  an  age  intermediate  between  the  chalk  and  ihuse  for- 
mations hitherto  considered  as  tertiary  *. 

Dr.  Boue  is  by  no  means  willing  to  admit  this  deposit  of 
Gosau  as  a  tertiary  or  supracretaceous  rock,  but  as  constitu- 
ting a  part  of  the  cretaceous  series  which  extends  along  the 
Alps,  as  will  be  seen  in  the  next  section,  from  Austria  into 
Savoy  f  • 

It  may  here  be  remarked  that  M.  Brongniari  long  since 
(1823)  considered  that  certain  rocks  con^itituting  the  upper 
part  of  the  Diablerets  ( Valais),  were  referrible  to  the  supracre- 
taceous or  tertiary  series.  From  the  section  of  this  mountain, 
made  by  M.  Elie  de  Beaumont,  and  produced  by  M.  Brong- 
niart,  it  appears  that  the  strata  are  singularly  contorted,  so 
that  the  newer  be*is  have  been  twisted  between  the  older  strata 
in  such  a  manner  that  the  latter  not  only  occur  beneaih  the 
former,  but  also  above  lheni|.  The  beds  considered  supra- 
cretaceous are  described  as  coniposeil  of  calcareous  sandstone, 
anthracite,  and  a  black,  compact,  and  carbonaceous  limestone, 
containing  Numrnnliles ;  Ampidloria  (two  species);  Melania 
ostcllata^  Lam.;  Ceriihiuvi  Diaboli,  Al.  Brong.  (very  abun- 
^dant);  Tnrbinella?  Hemicardium :  Cardiitm  ciliarCf  Broc. ; 
Can/ophyllia ,-  Madrepora. 

The  nummulites  found  so  abundantly  in  the  Alps  by  no 
means  mark  a  distinct  geoloiT;ical  ejiorh,  as  ihey  would  appear 
to  do  in  Nortltern  France  and  in  England ;  for  instead  of 
being  confined  to  the  supracretaceous  group,  they  pervade  the 
cretaceous,  and  possibly  also  some  older  rocks. 

The  observations  ot  Dr.  Fitton  on  tlie  Maestrtcht  beds 
would  appear  to  throw  light  on  these  Alpine  deposits,  as  far  at 
least  as  their  zoological  character  is  concerned;  it  being  un- 
derstood that  the  celebrated  deposit  of  the  Mont  St.  Pierre 
contains  a  mixture,  to  a  certain  extent,  of  the,  so  called,  se- 
condary and  tertiary  remains  ;  that  "it  is  lliroughout  superior 
to  the  white  chalk,  into  which  it  passes  gratlually  below,  but 
tlie  top  bears  marks  of  devastation,  and  there  is  no  passage 

•  Tlie  various  labours  nf  I'rof.  Sedgwick  and  Mr.  Murchison  on  the  Alp« 
will  be  found  in  llie  second  part  of  vol.  iii.  of  llie  Genl.  TriiDsnctions,  2iid 
nericxj  where  there  are  also  ngures  of  some  of  the  fossils  discovered  by  them 
ftt  Gu^aii.  For  a  list  of  the  Gosau  fosHiU,  see  Iiists  of  organic  remains  at  the 
end  of  this  volume. 

f  Boii^,  various  memoirs,  Edinburgh  Phil.  Journal,  1831;  Journal  de 
G^logie,  1830;  and  Proctfedinga  of  the  Gcol.  Soc.  of  London,  18IJ0. 

t  Brongniart,  Sur  le.<)  Terrains  Calcar^o  Trapp^cns  du  Viccntin,  p.  47; 
and  Sections  and  Views  iUiutrative  of  Geological  Plia^uQmena,  pi.  Sii,  fig.  5. 
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from  it  to  the  sands  above.  I'iie  siliceous  masses  which  it 
eludes  are  much  more  rare  than  those  of  ihe  chalk,  of  greater 
bulk,  and  not  com  potied  of  black  flint,  but  of  a  stone  approach- 
ing to  chert,  ai)d  in  some  cases  to  chalcedony ;  and  of  about 
fifty  species  in  the  author's  (Dr.  Fitton's)  collection,  about 
forty  are  not  found  in  Mr.  MunteU's  catalogue  of  the  chalk^H 
fossiU  of  Sussex  *."  ^^ 

According  to  M.  Dufrenoy,  a  similar  mixture  of  the  organic 
remains,  usually  considered  as  characterizing  the  cretaceous 
and  supracretaceous  rocks  respectively,  is  discovered  in  the 
upper  part  of  the  chalk  series  of  the  Pyrenees.  This  author 
observes,  that  out  of  numerous  species  obtained  from  this  de- 
posit, many  are  such  as  are  commonly  referred  to  the  supra^^H 
cretaceous  epoch  f.  ^| 

Krom  these  data,  it  would  appear  that  at  Maestricht,  in 
the  Pyrenees,  and  in  the  Alps,  there  do  exist  depfisits  con- 
taining organic  remains  common  to  the  sii[iposed  great  classes 
of  secondary  and  tertiary  rocks  ;  therefore  it  seems  established 
that  no  line  can,  zoologically,  be  drawn  between  them.  How 
far  other  characters  may  distinguish  them,  remains  to  be  seen; 
and  probably  niiimte  researches  will  eventually  afford  the  ne- 
cessary information. 

•  Fitton,  Proceedings  of  liie  Gcol.  Soc.  IJWO. 
f  Dufrenuv,  Annoles  des  Minus,  1831  and  1832. 


iaceota  Group. 


S8S 


SEcrroN  V. 


CRETACEOUS  GROUP, 


Syh. — Chalk,  {Crate,  Ft., —  Kreide,  Germ., — Scaglia,  It.,).  Chalk  Marl, 
{Crai  Tufiiu,  Vx., — Krrhletnergrl,  Germ.)  Upper  Green  Sand,  (Glaii- 
conie,  Crotintte,  Ft., — Chloril'uche  Kruule,  PUmerknlk,  Germ.).     Ciaull. 

•     Lower  Green  Sand,  {GInucon'u  Sablente,  Al.  Brong., —  Gruntand,  Germ. 
— Part  of  the  Gennan  Qnadertandtteia.) 

The  upper  portion  of  Uie  cretaceous  group  partakes  of  a  com- 

■mon  character  throughout  a  considerable  portion  of  Western 
Europe,  generally  presenting  itself  under  the  well-known  form 
*'  of  chalk.  The  upper  part  of  the  chalk  throughout  a  Inrge 
portion  of  England  is  characterized  by  the  presence  of  nume- 
rous flints,  more  or  less  arranged  in  parallel  lines:  seams  of 
this  substance  not  only  occur  in  a  line  with  the  flints,  but  also 
traverse  the  beds  diagonally.  The  white  chalk,  when  freed 
from  the  flints  or  siliceous  grains  mixed  with  it,  is  fuund  to  be 
a  nearly  pure  carbonate  oflime.  According  to  M.  Berthier, 
the  chalk  of  Meudon,  when  the  sand  disseminated  in  it  was 
separated  by  washing,  contained  in  100  parts, — carbonate  of 
lime  98,  magne.sia  and  a  little  iron  1,  alumine  1.  In  the  lower 
parts  of  the  English  chalk  dejwsit,  the  flints  disappear,  be- 
coming gradually  more  rare  Jin  tlie  passage  Irom  the  upper  to 
the  lower  parts.  From  this  circuuistunce,  the  white  chalk  has 
Dot  unfrequenlly  been  divided  into  upper,  or  chalk  with  flints, 
and  lower,  or  chalk  without  flints.  This  supposed  character- 
istic is  not  available  to  any  great  distances;  for  at  Havre  the 
lower  chalk  contains  an  abundance  of  flint  and  chert  nodules, 
where  it  pusses  into  the  upper  green  sand.  There  is,  however, 
ftlong  the  line  of  coast  Irom  Cap  la  Heve  to  the  eastward,  a 
considerable  accumulation  of  chalk,  in  which  flints  are  rare, 
apparently  interposed  between  the  Havre  beds  and  the  chalk 
with  numerous  flints.  In  the  cliffs  of  Lyme  Regis  (Dorset), 
and  Beer  (Devon),  we  observe  how  little  dependence  can  be 
placed  on  minute  divisions  of  rocks,  even  within  the  distance 
of  a  few  miles  ;  for  considerable  differences  in  the  development 
of  the  cretaceous  series  will  be  observed  between  the  two 
places,  as  I  had  formerly  occasion  to  remark*.     There  are, 

k*  (»eol.  Trims.  2nd  series,  vol.  ii. — .An  example  of  a  notable  ch«npe  in  a 
mwoh  shorter  diNt.incf  i*  ohscrvjibk  at  Cap  U  MPve  (HaxTc).  Towiirfli  the 
town,  and  even  under  the  I ipht- houses,  n  marl  or  clay  may  he  observed  se- 
piinaing  the  arenaceous  beiU  into  two  niusaes,  which  luarl  gruduutly  disap- 
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few  beds  which 


rkably  persistetil  tliroii;: 


remixrl 
out  the  tlisuict,  exteiuling  lo  Weymoulh;  they  are  charact* 
ized  by  the  presence  of  small  and  irregularly  rounded  grains 
ol'(|iiarlz,  probably  ofmechanical  origin,  occasionally  disseroi^^, 
nnted  thi'nii<rli  ibe  mass  in  great  abundance.  These  beds  are  alo^H 
remarkable  for  a  great  variety  of"  organic  remaina.     Nolwith^™ 
sLaniiiiigthe  very  general  presence ofthese  beds,  they  sometimes 
become  almost  suddenly  replaced  by  others,  whereiu  the  grains 
of  (]uartz  are  not  seen.     Thus  at  Beer,  the  Beer  stone,  worked 
during  centuries  for  architectural  purposes,  seems  the  equiva- 
lent of  them,   though  composed  of  a  white  rock,  principally 
carbonate  of  lime,  with  some  argilHaceou^^  and  siliceous  matter. 
Probably  tlie  Beer  stone  may  be  the  equivalent  of  the  Malm 
rock  of  Hants  and  Surrey  described  by  Mr.  Murchison,  and 
the  Mersihiiiu  firestone  noticed  by  Mr.  Webster,  and  consif 
dered  as  tlie  upper  green  sand.     It  may  be  here  observed  llit 
the  lower  part  of  the  chalk,  of  its  ]}assage  into  the  green  sand 
beneath,  is  extensively  used  as  a  liutlding  stone  in  Kormandy,^^J 
and  that  some  of  the  inferior  chalk  beds  of  tfiat  country  &r^H 
considerably  induialed,  even  approacliiiig  a  whitish  compacf^^ 
limestone,  as  may  be  well  seen  on  the  high  road,  bordering 
the  Seine,  between  Havre  and  Rouen.     M.  Pxssy  remarks, 
that  many  beds  of  the  Norman  chalk,  divided  from  each  other 
by  flints,  are  so  compact  as  even  to  approach  a  crystalline 
fracture  (Elbeuf,  Gouy,  Duclair,  &c.).     Tlic  lower  portion 
of  the  cretaceous  group  has,  in   England  more  particularly, 
received  various  names,   though  the  mass  is  very  commonly 
known  as  green  sand.     These  subdivisions,  for  the  accurate 
determination  of  which,  and  tJteir  separation  from  the  Weald- 
en  rocks,  we  are  indebted  to  Dr.  Fitton*,  should  be  borne^^ 
in  mind,  more  ])articuhn'ty  in  the  study  of  English  geology|^| 
as  by  tracing  tlieui  as  fur  as  possible,  we  may  obtain  an  insight^^ 
into  the  causes  which  have  produced  them.     These  divisions 
are.  Upper  Green  !S:uid,  Gault,  and  Lower  Green  Sand ;  and 
can  be  best  studied  in  \he  south-eastern  parts  of  England f. 

The  upper  green  sand  generally  a(>pears  lo  graduate  into 
the  cretaceous  mass  above,  and  is  charged  with  a  large  quaii- 

penrS)  lo  that  nt  a  short  distance  easttvnrd  from  the  light-honses  the 
(nbout  IS  feet  tliick)  becomes  a  slightly  argil! acouiis  grucii  sand.    M.  Pa 
gives  a  tabiilnr  view  of  tlit'sc?  climigi's  it)  his  Di-sciiptiou  Geologique  de 
Seine  Inffiricure  :  Rouen,  IS2.S,  p.  235. 

•  Kitlon,  Ou  the  Beds  belvreen  ihi- Chalk  and  Ihirbeck  Limettone:  Anrmli, 
of  Philosophy,  1821; — a  nieiirtiir  in  which  the  general  reiutions  of  ull  the 
beds  were  first  poiiilwl  out. 

t  The uttident  should  coundt  Dr.  Fittoii's  Memoir  (nbova  cited);    Mr^ 
Murchison's  Memoir  un   Nurtli -western  iSus.^iex,   Geui.  Truiis.  2ud  Heric 
vol.  ii. ;  Mr.  Mnntell's  Geology  of  Sussex  ;  Mr.  Martin  on  West  Susmj^  ;  aiK 
Dr.  Fittou'a  Geological  Skctth  of  the  Viduity  of  IIuBtiiigs,  1833. 
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f  green  grains,  which,  according  to  the  analysis  of  M. 
Berthier,  mane  on  those  oi"  tlie  equivalent  deposit  at  Havre, 
:<)niain : — Silica  0'50,  protoxide  ol  ir<»n  0'2I,  illumine  0*07, 
ota.sh  O'lO,  water  Oil.  The  same  author  iouiid  that  the 
reen  or  reddish  nodules  disi-eminated  ihroutfli  the  same  rock, 
also  at  Havre,  contained:  —  Pliospate  ol'  lime  0'57,  carbonate 
of  lime  0'07,  carbonate  of  magnesia  U"02,  silicate  of  iron  and 
aiumine  0-25,  water  and  bittnninous  matter  0'07'  The  reader 
will  at  once  observe  the  different  composition  of  the  nodules 
and  grains.  lles}>t;ctitig  die  lijrmer,  M,  Al.  Broiigniart  ob- 
server, timt  Llie  phosphate  of  lime  sometimes  so  abounds  as 
nearly  to  constitute  the  whole  substance*. 

The  gauk  {or  gait)  is  an  argillaceous  iteposit  of  a  blueihh 
gray  colour,  freqiienlly  composed  of  clay  in  llie  upper,  and 
marls  in  the  lower  piirt,  cotitaining  disseminated  specks  of 
mica  ;  it  elfervesce^  strongly  with  aciils. 

The  lower  green  sand  is  formed  of  snnds  and  sandstones  of 
various  degrees  of  induration,  but  priucijially  of  lerrugiiious 
and  green  colours,  the  former  usually  constituting  the  ujijier 
part,  and  the  latter  being  must  prevalent  in  the  lower  portions, 
which  are  not  unfrequcnlly  argillo-arenaceous,  particularly  at 
bottom. 

Without  entering  further  into  the  smaller  divisions  of  the 
cretaceous  group,  it  may  be  remarked  that  the  whole,  taken 
as  a  mass,  may  in  l^ngland,  and  over  a  considerable  portion 
of  France  and  Northern  Germany,  be  considered  as  cretaceous 
in  its  upper  part,  and  arenaceous  and  argillaceous  in  its  lower 
part.  The  liivisions  esuiblished  in  south-eastern  England 
have  been  observed  by  Mr.  Lonsdale  in  Wiltshire;  and  M. 
Duniont  considers  that  the  inferior  portion  of  the  cretaceous 
group,  which  occurs  between  the  Meuse  and  the  Iloer,  and  is 
rather  thick  near  Aix  la  Chapelle,  may  be  well  divided  into 
Upper  Green  Sand,  Gautt,  and  Lower  Green  Sandf-  In 
northern  England  the  arenaceous  depo^iii  is  scarcely  observa- 
ble, the  white  chalk  resting  on  retl  chalk,  the  latter  based  on 
an  argillaceous  rock,  named  Speclon  clay  by  Mr.  Phillips. 
In  south-westfrn  England  live  chalk  rests  on  a  great  are- 
naceous deposit  somewhat  variable  in  its  composition,  some- 
limes  containing  thick  regular  seams  of  chert,  at  others  being 
nearly  without  iheni ;  the  lower  pcyrtion  being  very  generally 
an  argillo-arenaceous  deposit,  cliaracterized  by  the  presence 
of  n  great  abundance  of  green  particles,  ami  a  great  variety  of 
organic  reniains.  The  central  part  is  formed  of  yellowish- 
brown  and  loosely  aggregated  sand,  in  which  organic  remains 


•  Cuvicr  and  Brongiiinrt,  Desc.  G^-ol.  ties  Euv.  de  Potift,  1822,  p.  13. 
t  IhunliuB  d'Halluy,  EK-meiitii  de  Geolngie. 
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are  nire;  tlie  sujierior,  of  a  mixture  of  brownish-yellow 
green  sunds,  with  and  williout  chert  seams,  the  orgunic 
mains  being  frequently  fractured. 

In  Normandy  the  sands  beneath  the  chalk  assume  a  frrea 
variety  of  characters.     Advancing  into  the  interior  of  France, 
amid  the  sands  which  emerge  from  undi-r  the  chalk,  and  ei 
tend  from  the  coasts  of  Noraiuiidy  by  Mortagne  to  the  bani 
of  the  Loire  at  Tours,  and  thence  by  the  vicinities  of  Auxerr 
and  Troves  to  the  northwanl,  we  soon  become  sensible  of  tt 
utility  of  abandoning  the  smaller  divisions,  so  valuable  in 
England,  and  of  adopting  two  great  divisions, —  Chalk  anti 
Green  Sand. 

This  group  is  extensively  distributed  over  Europe.     The 
chalk  and  mulatto,  or  green  sand  of  nordicrn   Ireland,  is  the 
most  western  portion  known  in  the  Britisii  Islands.     It  occur 
on  the  Spanish  side  of  the  Pyrenees,  anil  woulil  appear,  frot 
the  observations  of  Colonel  Silvertop,  to  extend  much  further 
westward  into  the  kingdom  of  Spain.     It  is  probably  found, 
in  the  provinces  of  Sevilhi  and   Miircia.     Of  the  geologicr"^ 
structure  of  Portugal  so  little  is  yet  known,   that  we  are  m 
aware  of  the  existence  of  cretaceous  rocks  in  that  count  rj'. 

According  to  M  Nilsson,  the  chalk  of  Sweden  (the  conti- 
nuation ot  that  in  Denmark,)  is  generally  incumbent  on  gneiss, 
more  rarely  on  rocks  of  the  grauwacke  group,  and  has  only 
been  observed  resting  on  beds  of  the  oolitic  group,  at  one 
place  near  Limhamn,  in  Scania.  In  one  locality,  near  Ham- 
mer and  Kiiseherga,  il  has  a  large  capjiing  of  sand  with  bitu- 
minous wooti,  which  M.  Nilsson  refers  to  (he  cretaceous  group, 
as  the  vegetable  remnins  are  associated  with  cretaceous  TbssiU 
The  chalk  deposit  of  Sweden  is  occasion.-dly  of  considorabi' 
tliickness,  an<l  abounils  in  organic  remains.  The  northern 
portion  of  the  deposit  is  white  or  grayish  white,  more  or  less 
abundantly  mixed  with  siliceous  substances.  The  southern 
portion  is  stated  to  present  the  various  modifications  from 
green  sand  to  white  chalk  •. 

From  the  observntions  of  Professor  Pusch  it  appears  that 
the  cretaceous  group  occurs  extensively  in  Podolia  and  south-j 
ern  Russiia,  being  a  continuation  of  that  of  Lembergand  Pc 
land.  It  occupies  the  country  in  the  shape  of  marly  chalk  be- 
tween the  Bog  and  the  Dniester  round  Janow,  Lubin,  Miko- 
lajew,lJniow,  and  Rohetyn.  Concealed  beneath  the  supra* 
cretaceous  rocks  it  is  prolonged  from  Halicz  to  Zaiezczvki  oni 
the  Dniester.  On  the  west  of  this  river  it  occupies  the  envi- 
rons of  Tlumacz,  Otynia,  and  other  places  to  the  foot  of  thi 


*  Nilsson,  IVtriiirBta  Siiecana  Foriniilionit  CrrtoreKdescripU,  at  iconibuil 

iJlustrata:  1827. 


Cretaceous  Group. 


287 


ihians.  On  the  north  ol'  the  Dniester  it  exists  beneath 
ihe  supracretaceous  rocks  between  that  river  and  Bi-zezan  ;  it 
extends  to  Brody  and  into  the  plains  of  Valhynia.     "  In  many 

f  laces,  and  especially  around  Krzeminiec,  it  is  covered  by 
lore  recent  deposits,  but  its  presence  is  indicated  by  an  abun- 
ance  of  flints  and  chalk  fossils  scattered  through  the  sands." 
The  chalk  tbrms  considerable  eminences  round  Groilno  in 
Lithuania.  According  to  M,  EichwaUl,  the  chalk  of  the  lat- 
ter country  abounds  in  beleinnites,  which  nre  wanting  in 
Volhynia,  where  they  are  replaced  by  Echinites,  Terebiatulee^ 

^strea,  Placuiue,  Inoctrantus  {Catiilus),  &c.     Tiie  flinis  of 

■be  two  countries  contain   Retepora;    E$char<Pi  AnanchyteSt 

^pucrinites,  &c.  *. 

p  According  to  M.  Eichwald,  chalk  without  flints,  with  shell* 
of  tlie  genera  Plagiosiuma^  Pecten,  Osfrcay  &c.,  rests  on  ar- 
gillaceous slate  at  Ladowa,  on  llie  Dniester.      At  about  seven 

Krcrsts  from  thence,  near  Broniiitza,   it  alternately  rests  on  a 

hoarse  sandstone,  grauwackf ,  and  argillaceous  slate  f .  Furlhir 
south,  and  in  the  plains  ol'  Moldavia,  Podolia,  and  Bessara- 
bia, it  only  appears  in  iletached  portions,  as  between  Ja- 
>szow  and  Mohilew  on  the  Dniester,  from  JJaszkow  to  Jaor- 
on  the  Prutli,  near  Kolomen,  Sniatyn,  Sadagora,  Seret, 
loswan,  Illina,  and  Jassy.  "  Tlie  chnik  is  lound  on  the 
>uth  side  of  the  granitic  steppe,  in  llie  Crimea,  and  on  the 
)rders  of  the  Sea  of  Azof,  between  the  Berda  and  the  Don; 
it  also  occurs  on  the  west  of  the  Don,  across  the  south-east 
and  middle  of  Riissin.  Fn  the  country  <if  the  Don  Cossacks, 
in  the  governments  of  Worenech,  Koursk,  and  Toula,  it  here 
nnd  there  appears  in  hills,  and  on  the  banks  of  the  rivers  be- 
neath the  vegetable  soil,  and  probably  constitutes  the  buse  of 
that  great  and  fertile  plain.  The  marly  clay  of  eastern  Gal- 
licia  and  of  Potiolia  is  connectedv  as  m  Poltind,  with  gypsum, 
at  Mikulnicc,  Seret  of  Podotia,  to  the  east  of  Trumbowla, 

■but  more  particularly  at  Zbryc/  near  Cznmokozienice.     The 

Graphic  chalk  is  there  more  abundant  than  in  the  centre  of 

^Poland,  and  more  abounils  in  flints  |." 

■  It  further  appears  fmu)  the  interesting  details  of  M.  Pusch, 
that  there  is  a  deposit  of  lignite  upon  the  upper  part  of  the 
chalk,  reminding  us  olthe  lignite  sand  noticed  by  M.  Nilssou 
in  Sweden,  which  would  thus  appear  to  be  similarly  situated 
at  various  distant  points.  It  seems  to  be  wanting  in  central 
Poland,  but  is  found  in  many  situations  in  eastern  Gullicia, 
and  abundantly  along  llie  Carpathians,  in  Pocutia  and  Bu- 
kowine,  from  Olynia  towards  Mavdan,  Lanczyn,  Kniazdwor, 
and  mounting  the  Pruth,  from  Kliszyn  to  Seret,  and  near 


"  Juura.  de  GeoL,  1.  ii.p.  62.     f  Ibid,  p.  61.     %  Pusck,  Joum.deG^ol.  t.  iL 
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Czorlhow  and  L'las/kowce,  and  on  the  Dniester  near  Cho- 
cliim  and  Molitlew.  This  lignite  deposit  is  described  as  a 
blueish  or  greeiiisli  pray  calcareous  sandstone,  alternating 
witli  sand  and  clay,  more  or  Jess  calcareous,  and  with  lami- 
nated marl :  it  sometimes  contains  amber,  but  more  frequently 
pieces  of  bituminous  wood,  thin  beds  of  lignite,  and  trunks  of 
fossil  trees.  It  contains  many  shells,  among  which  are  Pec- 
tuncultts  pulvinatus,  P.  iusubricus,  Pecten  (smooth  species), 
and  more  rarely  Nummulifcs  discorbinus^  Dentaliitm  ebumittm, 
and  small  Cerilhia.  This  sandstone  is  considered  distinguish- 
able from  the  welt-known  lignite  deposits  of  western  and 
northern  Poland  by  its  fossil  shells;  but  it  may  perhaps  ad- 
mit of  a  question,  how  far  local  circumstances  may  not  have 
caused  a  great  difference  in  this  respect. 

Prof.  Pusch  describes  the  cretaceous  rocks  as  extensively 
deposited  in  Poland,  and  as  divisible  into  marly  chnlk  and 
■white  chalk:  the  marly  chalk  is  a  soft  calcareous  marl,  either 
white  or  light  gray,  becoming  sandy  in  some  districts  (Mie- 
chow,  Kazimirz) ;  while  other  beds  are  coloured  green  by  si- 
licate of  iron  (Czarkow,  Szcierbakow);  it  alternates  with 
more  compact  white  limestone.  A  shaft  sunk  through  this  de- 
posit at  Szczerbakow  showed  that  it  was  GDI  English  feet  thick 
at  that  place.  M.  Pusch  considers  that  certain  gj'pseous  de- 
posits of  I'dland  are  connected  with  the  marly  chalk.  The 
white  chalk  is  described  as  identical  with  thai  of  England, 
containing  a  much  larger  proportion  of  flints  than  the  marly 
chalk*. 

Rocks  of  the  cretaceous  group  occur  in  the  great  plain  of 
MUnster,  skirting  the  northern  edge  of  the  Westiihalian  slate 
mountains  to  the  south- wtiteni  border  of  theTeutoburgerwald. 
Though  the  rocks  of  this  district  umloul)tedly  torru  a  conti- 
nuation of  the  English  chalk  series,  they  differ  materially  from 
it  in  niineralogical  structure.  There  is  not  throughout  the 
whole  tract  a  trace  of  while  chalk  with  flints.  On  the  south- 
ern borders  of  the  district,  whitish,  yellow,  bkieish,  ami  green 
marls  predominate,  containing  beds  of  indurated  marl  full  of 
green  grains,  which  become  sandy.  These  beds  iiometimes 
rest  iuunetliately  on  rocks  of  much  greater  antiquity,  such  as 
the  coal  measures  of  Frohnhausen  near  Essen,  and  sometimes 
occur,  twenty  feet  thick,  in  the  yellow ish  nnirl,  as  may  be  ob- 
served from  Aplerbeck,  near  Werl,  to  the  vicinity  of  Pader- 
born.  At  the  salt-vvurks  o\'  Koenigsborn,  where  the  marl 
deposit  is  +70  feet  thick,  two  of  these  beds,  in  contact  with 
each  other,  iurnish  excellent  building  stone. 

In  the  central  portion  of  tlm  district  the  light-coloured  marls 


•  Pusch,  Journal  dc  Geologie,  t  ii.  p.  258, 
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ime  more  calcareous,  an<l  pass  into  limestone.  The  fol- 
lowing section  is  observable  in  the  chain  of  the  Teutoburger- 
rald.  At  the  top,  u  light  gray  caicareoLia  marl,  which  readily 
rumbles  in  the  air.  'I'o  this  succeeds  a  compact  white  lime- 
lone,  often  of  a  splintery  tracture,  which  becomes  green  in 
'the  lower  beds.  Next  follows,  always  in  the  descending  order, 
a  dark  gray  anil  friable  calcareous  marl,  with  globular  de- 
tached masses  of  compact  limestone  (Irli>rn,  and  on  the  Laus- 
berge  at  Bielefeld),  'i'hcn  sandy  or  gravelly  yellowish  gray 
clayey  marls,  striped  black,  and  containing  detached  pieces  of 
chert  and  chalcedony.  The  lowest  portions  mostly  consist  of 
a  light-coloured,  and  sometimes  ferruginous,  thick  sandstone, 
rarely  associatetl  with  beds  of  conglomerate. 

The  cretaceous  rocks  which  occur  on  the  borders  of  the  hill 
country  of  northern  Germany,  join  the  northern  side  of  the 
Hartz,  and  extend  towards  the  north-west  into  the  plain  be- 
tween Brunswick  and  Hildesheim.  Cretaceous  marl  some- 
times comes  into  immediate  contact  with  the  grauwacke  rock* 
of  the  Hartx,  and  extends,  under  the  sand,  into  the  plain  oJ 
Peina.  On  the  other  hand,  the  sandstone  is  much  developed 
in  the  country  about  Halbersladt  and  Blankenburg.  It  con- 
tains a  thick  bed  of  sandy  marl,  full  of  green  grains,  which 
E asses  into  a  gray  white  earthy  limestone  with  flints,  resem- 
ling  that  which  occurs  above  the  sandstone.  Coal  occurs  in 
tliis  sandstone  near  Qaedlinburg,  The  great  mass  of  the  cre- 
taceous rock,  nametl  Quaffi'rsantfs/ fitly  of  Saxony  and  Bohe- 
mia, is  separated  froni  the  border  of  the  north  German  basin; 
but  Prof.  Weiss  *  lias  shown  that  the  crystalline  rocks  which 
surround  it  on  the  N.E.  side,  from  \^'einbohla  to  Ilohnstein, 
have  been  forced  up  since  it  was  deposited,  and  thus  caused 
tlie  separation.  The  sandstone  forming  the  well-known  rocks 
<if  Schandau  and  Adersbach  is  very  unifornr,  large-grained, 
■and  white,  containing  but  little  cementing  matter. 

There  are  many  jiatches  of  (juadersiuidstein  in  Silesia,  the 

:3nost  considerable  oi'  which  rests  on  the  northern  edge  of  the 

Jliesengebirge  from  Goldberg  to  Lowenberg,  and  thence  from 

■  ^tfae  Queiss  to  the  Neisse.      It  extends  N.W.  towards  the  low 

pBBountry,  and  is  bounded  on  the  E.  by  older  rocks.     The  low- 

"*^Est  beds  often  become  conglomerates,  as  in  the  mountaitis  of 

^Goldberg  and  PrausnitK,  and  on  the  ridge  between  Lb"wen- 

^fcx;rg  and  Neuland,   where  millstones  are  quarried   (Wehrau 

^u>n  the  Queiss,   Wurtlia).     Similar  beds  of  conglomerate  are 

l^^~"ound  in  the  Moiser  quarry  near  Ltiwenberg,  where  numerous 

^KZarganic  remains  are  seen  in  it.     The  sandstone  is  clayey  at 


•  Wei9»,  Uebcr  oiiii<;e  gtogn.  Puukte  bci  Meisicn  iind  ITohnstein,  Kar- 
n'i  .\rchiv  Air  Berghaii,  &c.  H.  xvi.  p.  3. 
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Tiillendorf  (Buntzlau),  and  contains  beds,  a  foot  and  a  half 
thick,  of  red  and  white  potters'  clay,  out  of  which  much  pot- 
tery is  manufactured.  In  the  neigliboin'hoc>d  of  VVehrau  the 
sandstone  passes  into  compact  quartz  rock,  containing  beds  of 
clay  and  the  welUknown  clay  ironstone.  Several  coal  beds, 
from  six  to  twenty-four  inches  thick,  are  found  in  it  near  We- 
nig  Rackwitz,  Ottendorf,  and  Newen. 

The  cretaceous  group  occurs  extensively  on  the  soutliern 
side  of  the  great  level  to  the  eastward  of  the  Oder.  It  611s 
the  basin,  forty-five  miles  broad,  between  the  oolitic  high 
range  from  Wielun  to  Cracow,  and  the  Sandomirer  grau- 
vracke  range.  It  extends  down  the  Vistula  as  far  as  Pulavy, 
and  thence  further  eastward  through  the  southern  part  of  the 
province  of  Lublin  to  Lemberg  and  the  Dniester.  It  is  here 
connected  with  the  great  chalk  plain  of  Volhynia  and  the 
plateau  of  Pudolia. 

In  the  upper  division  of  the  cretaceous  series  on  the  Nida 
(west  of  the  Vistula)  in  the  province  of  Cracow,  and  in  the  basin 
of  Lemberg  and  Fodolin,  at  Mikulntce  and  Zbrycz  sis  far  as 
the  river  Podhorec,  there  is  a  gypsum  deposit,  100  feet  thick, 
consisting  of  large  yellow  and  gray  crystals.  The  isolated 
patclies  of  gypsum  in  Upper  Silesia  probably  belong  to  this 
bed  •.  The  sulphur  bed  at  Czarkow  on  the  Nida  occurs  be- 
tween this  gypsum  and  the  chalk  marl.  Sulphurous  springs, 
and  occasionally  weak  saline  springs,  accompany  this  line  from 
Busko  to  the  Vistula,  from  Liibicn  near  Lemberg  to  Jassy  f. 
The  fossils  of  these  strata  in  general  resemble  those  of  tlic 
English  and  French  chalk,  though  there  are  some  small  local 
diflerences  \, 

The  cretaceous  rocks  of  France  have  been  already  noticed; 
but  it  may  be  remarked  tliat  they  rest  on  the  coal  measures  of 
Mons  and  Valenciennes,  and  that  the  rocks  of  the  I.>>le  il'Aix 
and  the  embouchure  of  the  Charenle,  are  considered  referrihle 
to  this  group.  They  are  well  known  as  contained  in  some  of  the 
valleys  of  the  Jura,  and  as  ranging  along  a  considerable  portion 
of  the  French  side  of  the  Pyrenees.  They  occur  on  both  sides 
of  the  Alps,  and  range  down  a  large  portion  of  the  Apennines. 

This  group  occurs  extensively  in  the  maritime  Alps,  contain- 
ing among  its  fossils  an  abundance  of  Nummuliies.,  remains  once 
consideretl  as  wholly  supracretaceous.  Its  usual  appearance  iu 
that  district  is  that  of  a  murno-arenaceous  limestone,  the  arena- 
ceous matter  sometimes  predominating,  and  forming  a  sand- 
stone,    Beds  of  tight-col ou red  limestone  charged  with  green 

•  Gennun  Trnuhl.  of  Manual. 

t  Pusch,  Ueber  die.  geogn.  Konstitution  der  Karpathcn  und  dcr  Nord- 
Karpnthi-n-LandcT. — Karstcn'a  Arch.  Air  Min.  &c.  Bd.  i.  p.  29. 
;  (i  ':'miaii  Tmnal.  of  Manual. 
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f^ins,  and  full  of  Belemni/es,  Ammoniies,  Nautili,  and  Peo 

tines,  constitute  its  tower  part,  ami  even  appear  intimately 

nnected  with  the  upper  part  of  a  light-coloured  limestone 

leposit,  among  whtcit  crystalline  dolomite  abounds.  The  lat- 
ter rocks  are  very  dilfictUt  to  classify,  and  may  dther  belong 
to  the  lower  part  of  the  cretaceous,  or  upper  part  of  the  oolitic, 
group.  Be  the  age  of  these  beds  wliat  it  may,  they  seem,  ac- 
cording to  M.  Elie  de  Beaumont,  intimately  connected  with 
a  large  proportion  of  the  Alpine  nummulitic  rocks,  the  light- 
coloured  limestones  of  Provence,  of  Mont  Ventoux,  of  the 
departments  of  the  Drome,  Isere,  &c. ;  the  nummulitic  rocks 
ing  connected  widi   the  cretaceous  series  of  Brian<jonnet 

Basses  Alpes),  of  Villard  le  Laiis  (Isere),  of  the  mountains 

if  the  Grande  Chartreuse,  of  the  Mont  du  Chat,  of  the  high 
longitudinal  valleys  of  the  Jura,  of  the  Perte  du  Rhone,  of 
Thonne,  and  of  la  Montague  des  Fis. 

Having  premised  thus  much  respecting  the  geographical 
distribution  of  the  cretaceous  group,  we  will  take  a  slight 
sketch  of  the  variations  in  its  mineralogicnl  character. 
Throughout  the  British  Islands,  a  large  part  of  France,  the 

ortliern  parts  of  Germany,  in  Poland,  Sweden,  and  in  va- 
rious parts  of  Russia,  there  would  appear  to  have  been  certain 
causes  in  operation,  at  a  given  period,  which  produced  nearly, 
or  very  nearly,  the  same  effects.  The  variation  in  the  lower 
rtion  of  the  deposit  seems  merely  to  consist  in  tlie  absence 

T  presence  of  a  greater  or  less  abundance  of  clays  or  sands, 
substances  which  we  may  consider  as  produced  by  the  de- 
struction of  previously  existing  land,  and  as  deposited  from 
waters  which  held  such  detritus  in  mechanical  suspension. 
The  unequal  deposit  of  the  two  kinds  of  matter  in  different  si- 
tuations would  be  in  accordance  with  such  a  supposition.  But 
when  we  turn  to  the  higher  part  of  the  group,  into  which  the 
lower  portion  graduates,  the  theory  of  mere  transport  appears 
opposed  to  the  phicnomena  observed,  which  seem  rather  to 
have  been  produced  by  deposition  from  a  chemical  solution  of 
carbonate  of  lime  and  silica,  covering  a  considerable  area*. 
For  the  reader  will  have  observed,  that  white  chalk,  very  fre- 
quently containing  Hints,  extends  from  Russia,  by  Poland, 
Sweden,  Denmark,  Northern  Germany,  and  the  British  Is- 
lands, into  France.  The  great  European  sheet  of  chalk  and 
green  sand,  produced  at  the  cretaceous  epoch,  has  since  been 
80  covered  up,  shattered,  upheaved  aud  destroyed  by  various 

•  If  wc  regard  present  appcarancei,  we  find  that  silica  is  held  in  solution 
by  lliermal  waters,  wliich  also,  as  in  the  case  of  those  of  St.  Michiiel  in  thi 
Azorei,  may  contain  carbonate  of  lime.  No  springB  or  «ct  of  tpring*  that 
we  can  iinogiiio  are  likely  to  have  produced  this  great  deposit  of  cbalii,  to 
unifgnn  over  a  large  lurfaoe. 
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causes,  that  we  have  mere  remnants  presented  to  our  examt- 
natioii.  Still,  however,  we  have  enough  to  show  thai  it  over- 
lapped a  great  variety  of  pre-existing  rocks,  from  the  gneiss 
of  Sweden  to  the  Wealden  deposits  of  south-eastern  England 
inclusive. 

Thus  fur  no  very  material  tlifference  in  the  arrangement 
and  mineralogicni  character  of  the  mass  has  been  observed,  of 
course  disregarding  smalt  local  variations:  but  arrived  al  the 
Alps  we  meet  with  rocks,  which  certainly,  from  their  minera- 
logical  characters  alone,  would  never  have  been  referred  to 
the  cretaceous  group:  yet,  unless  we  disregard  the  evidence 
of  organic  remams,  they  have  been  formed  at  the  same  epoch. 
Instead  of  the  soft  and  white  chalky  and  the  abundance  of 
loosely  aggregated  sands,  which  constitute  so  large  a  proper" 
tion  of  the  group  in  England  and  noithern  France,  we  have 
compact  limestones  and  sandstones  vying  in  hardness  with  the 
oldest  rocks,  so  as,  in  the  earlier  days  of  geology,  to  have  ' 
been  considered  only  referrible  to  them.  Such  is  the  hard 
black  limestone  (containing  an  abundance  of  Scaphites,  Ha- 
viitfs,  'TurriUfes,  and  other  fossils,)  which  crowns  the  sum- 
mits of  the  Fis,  the  Sales,  and  other  mountains  of  Savoy,  that 
range  up  to  the  Buet. 

The  rocks  referrible  to  this  group,  on  the  southern  side  of 
the  Alps,  and  facing  the  great  Lombardo- Venetian  plains, 
are  not  so  far  removed  from  the  mineralogical  character  of  the 
chalk  of  western  Europe,  being  often  composed  of  white,  green- 
ish, and  reddish  beds,  occasionally  very  argillaceous.  In  some 
parts  of  the  Apennine  range,  in  which  a  large  mass  of  rocla^4 
would  seem  referrible  to  this  epoch,  the  character  is  quite  cr^^| 
taceous.  ^^ 

How  far  the  Alpine  rocks  of  this  age  have  been  altered  since  i 
their  deposit,  in  consequence  of  the  disturbances  they  have  ex- 
perienced, or  how  far  their  present  condition  can  be  attributed 
to  original  formation,  which  must  always  have  been  influenced  • 
by  local  causes,  yet  remains  a  problem  to  be  solved :  but  it 
may  be  remarked,  that  we  can  scarcely  imagine  them  to  have 
been  exposed  to  the  various  circumstances  attending  great  dis- 
turbances, without  having  suffered  from  such  circumstances. 

According  to  M.  Dufrenoj',  the  cretaceous  series  of  south- 
em  France  not  only  contains  a  curious  mixture  of  organic  re- 
mains, but  also  presents  mineralogical  characters  different  from 
those  of  the  contemporaneous  deposit  of  the  northern  part  of 
the  same  country.  That  portion  which  reposes  on  tlie  central 
elevations  of  France,  is  composed,  in  its  lowest  parts,  of  marls 
and  sandstones,  more  or  less  charged  with  oxide  of  iron,  and 
containing  lignite  in  some  situations.  M.  Dufrenoy  refers 
these  beds,  such  as  they  are  seen  at  Rochefori,  Angoule 
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iHat,  Pont  St.  Esprit,  anJ  other  places,  lo  the  inferior  are- 
fcnceous  rocki  of  tlie  cretaceous  series.  At  AnnjoulC'me,  and 
)nie  other  localities,  these  deposits  are  surmounled  by  regu- 
ir  beds  of  a  nearly  sacchiirtne  limestone, — a  fact  which  shows 
lat  a  slow  cherirical  tieposit  here  took  place ;  so  thai  if  we  con- 
^der  the  white  chalk  of  northern  Europe  as  chemically  tbrmed, 
would  nppe.Tr  that  there  was  a  slower  deposit  in  some  loca- 
ities  tikan  in  others.  Tlie  same  atithor  also  states,  respect- 
Ig  that  portion  which  either  constitutes  a  part  of  the  Pyre- 
zes,  or  is  continuous  with  it,  that  although  the  limestones 
rhich  rest  on  the  areiuiceous  deposits  (containing  lignites  and 
jetable  impressions)  ;ue  commonly  compact,  there  are  some 
rhich  are  crystalline-  It  sliouki  however  be  observed,  tliat 
lere  are  evidences  of  mechanical  action  in  the  upper  portion 
"  the  Pyrenean  chalk,  for  it  is  slated  that  thick  beds  of  cal- 
ireous  conglomtrates  alternate  with  the  limestones  in  the 
upper  part  of  the  series*. 

The  same  autlior  states  that  the  cretaceous  rocks  of  the 
Spanish  Pyrenees  closely  resemble  those  on  the  French  sitle 
bf  the  .same  mountains.  The  celebrated  salt  mine  of  Cardona 
wm  contained  in  the  upjier  part  of  the  series,  and  the  rock  salt 
■f  Mun  Real  is  also  included  in  it.  Valine  springs  occur  near 
^rlhez,  between  Jaca  suut  Pampcluna,  ami  other  places,  ac- 
companied by  gy]>suni,  traji  rocks.,  and  dolomite, — alway.s,  it 
stated,  in  lines  of  fractured  country.  Coal  is  tliscovered  in 
lis  series  at  Pereilles  near  liellesta,  Ernani  near  Irun,  at 
lint-Lon  in  the  Landes,  &c.,  and  sulphur  and  bitumen  at 
linl-Boes  near  Orthezf. 

M.Partsch  describes  a  series  of  calcareous  and  arenaceous 
focks  containing  nummulites  in  Dalmatin  and  the  neighbour- 
iag  provinces,  whicli  appears  to  belong  to  the  cretaceous 
roup.  These  rocks  form  high  mountains,  particularly  in 
roAtia.  Fronv  the  direction  of  the  mountain  chains,  M.  Elie 
Beaumont  iiilers  that  these  racks  may  extend  into  Livadia 
id  the  Morea.  Facts  can  alone  determine  how  far  this  infe- 
ice  is  correct;  but  in  the  mean  time  it  muy  be  remarked, 
bill  rocks  of  the  Dalmatian  character  seem  to  prevail  exten- 
fely  in  parts  of  Greece,  and  even  along  the  coast  of  Kara- 
inin. 

From  the  various  memoirs  of  MM,  Keferstein  and  Boue, 

rof.  Setlgwick,  Mr.  Murchisoii,  and  M.  Lill  von  Lillienbach, 

;  seems  clear  that  die  cretaceous  group  exists  extensively  in 

Alps  ol    Austria  and    Bavaria,  and    in   llie  Carpathians. 

'here  may  be  certain  tliflerences  of  opinion  as  to  where  the 

MO'icb  commences,  or  where  it  ends,  but  the  iuain  fact  of  the 


•  Dufttnoy,  .Auiiules  de»  Mines,  1631. 


j  Ibid.  1832. 
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presence  of  the  yivoup  itself  wouUl  appear  to  be  uiKlispnted:  It 
would  also  appear  that,  the  deposit  was  in  a  great  measure 
arenaceous. 

After  remarking  on  the  stability  of  the  cretaceous  rocks  ' 
the  Carpathians  since  their  deposit^  contrasted  with  tiieir  dis- 
location in  the  main  chain  of  the  Alps,  (a  fact  subsequent 
fully  coafirmed  within  a  certain  distance  from  Vienna 
Mr.  Murchison,)  M.  Elie  de  Beaumont  proceeds  to  obscnre 
that  "nearly  in  the  prolongation  of  the  Carpathians,  to  the 
environs  of  Dresden,  the  lij^ht  and  northern  side  of  the 
Elbe  valtey  is  bordered  by  a  continuation  of  granite  nnd  sic-  ' 
nite  mountains,  which  extend  from  Hinterherm.s,  on  ilie  fron- 
tier of  Bohemia,  to  Weinbcildii,  about  a  league  and  a  half 
east  from  Meissen,  rising  suddenly  above  the  plain  of  quader- 
sandstein  and  planerkalk  (cretaceous  rocks).  When  the  con- 
tact of  the  granitic  and  cretaceous  rocks  is  examined^  it  is  ob- 
served that  the  former  cut,  and  even  horizontally  cover,  the 
latter  in  many  places  ;  clearly  proving  that  the  granitic  and 
sienitic  rocks  were  elevated  to  the  surface  since  tiie  deposit  of 
the  green  sand  and  chalk  :  and  it  is  not  tlie  less  remarkable, 
that  the  little  cliain  formed  of  them  runs  in  the  direction  of  the 
valley  of  the  Elbe,  and  exactly  parallel  to  that  which  reigns  id 
the  Pyreneo-Apennine  system  *."  .^^ 

The  mobt  remarkable  point  is  at  the  quarry  of  Weinboh]^^^ 
where,  according  to  M.  Weiss,  the  chalk  there  worked  co^^^ 
tains  the  i'iagiosloma  spitiosum,  Podopsis,  Spatanirus^  &c 
This  rock  is  in  horizontal  beds  ;  but  near  the  sienite  they  gra- 
dually dip  until  they  plunge  beneatli  it,  so  that  the  sienite  con- 
formably covers  the  chalk.  A  marly  and  clay  bed,  partly  bi- 
tuminous, covers  the  chalk,  occurring  between  it  and  the  gra- 
nitic rock.  M.  Klipstein  remarking  on  these  appearances, 
observes,  that  mounting  the  valley  of  Polenz,  from  the  fool 
of  the  Hochsiein,  the  green  sand  beds  on  the  right,  which  are 
generally  liorizontal,  begin  graikially  to  dip,  the  angle  in- 
creasing with  their  apjiroach  to  the  granite;  near  the  latter, 
dipping  at  ^6°  or  -tS'  beneath  it;  and  he  states  that  of  this 
fact  there  can  be  no  doidit.  "  Coming  from  Brand,  the  height 
of  the  green  sand  diminishes  in  such  a  manner  in  the  descent 
of  the  valley,  that  a  few  feet  of  it  are  alone  visible.  In  a  val- 
ley extenduig  into  the  mountains  towards  the  Kothenwald,  the 
chalk  with  its  maris  and  clays  appears  between  the  green  sand 
and  granite;  and  ihere  are  places  where  galleries  nave  been 
driven  through  the  granite  and  chalk  into  the  green  sand." 


•  M.  Elie  de  Beaumont  cites  these  curious  appearances  of  the  superpcwi- 
lion  i.>r  granitic  rock,  an  obtAined  from  the  descriptions  of  Prof.  Weiss,  in- 
setted in  Karsten's  Arcliiv  fvir  .MinetiJogie,  &c.  t.  xvi.,andnew  series,  t.i. 
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From  these  works  it  would  appear  that  "  the  chalk  with  its 
clays  and  marls  gradually  diminishes,  so  that  the  granite  at 
first  resting  on  chalk,  comes  into  contact  with  green  sand. 
^The  superposition  of  the  granite  is  quite  evident  at  some  di- 
tance  Irosn  this  point,  when  suddenly  there  is  n  change,  and 
the  granite  cuts  the  arenaceous  beds  without  at  all  deranging 
or  altering  ihem  :  it  is  even  stated,  that  beneath  it  commences 
taking  a  position  under  the  green  sand*."  Pror.  Naumann 
remarks,  that  the  fact  of  the  increased  dip  of  the  cretaceous 
rocks  as  they  approach  the  granite,  so  that  they  finally  are 
covered  by  it,  is  also  seen  near  Oberau  ;  and  that  near  Zscheila 
and  Niederfehre,  the  cretaceous  rocks  rest  horizontally  on  the 
granite.  The  same  author  remarks  lliat  the  connection  of  the 
two  rocks  is  sufficiently  evident  at  both  these  localities,  for 
the  limestone  anil  granite  are,  as  it  were,  entangled  in  each 
otiier,  and  irregular  portions  and  veins  of  hard  limestone  with 
green  grains  and  cretaceous  fossifs  ai'e  here  and  there  imbed- 
\  ded  in  the  granite.  The  gorge  of  Niederwarta,  on  the  left 
bank  of  the  Elbe,  is  pointed  out  as  a  veiy  interesting  point. 
"The  chalk  is  horizontal  in  the  village,  but  at  about  the  third 
of  a  league  beyond  it,  the  beds  rise  anil  dip  at  about  25^  or 
80";  a  hundred  paces  further  on,  the  dip  is  Ironi  70^  to  80**, 
and  the  rocks,  fractured  near  the  granite,  rise  in  steep  moun- 
tains above  the  chalk  country/'  At  Liclitenhain  and  Otlen- 
dorf  the  limits  of  the  sandstone  and  granite,  are  exposed,  and 
at  twenty  paces  from  the  granite  the  sandstone  is  seen  to  be 
horizontal ;  but  on  approaching  the  granite,  the  beds,  or  frag- 
ments of  beils,  rise,  and  some  dip  at  an  angle  of  60°f. 

For  tlve  following  section,  representing  the  contact  of  the 
sienite  or  granite  with  the  chalk  at  Weinbcihla,  I  am  indebted 
to  Mr.  Killaly. 


Fijj.  4-2. 


Fig.  4S. 
S 


Fig.  44. 


Fig.  +3.  is  a  front  view  of  the  quarry  from  the  west,  a,  gravel;  | 
L()  granite  or  sienite ;  c,  gray  clay  containing  nodules  of  iron 


•  Journal  do  Geologje,  t.  ii,  p.  1S2. 

■f  Naumann,  Poggcndorft  Annalen ;    ;iiid  Journu!  de  Gfologie,  f.  iii. 
1831. 


lat  of  n  nut  to  an  egg ;  </,  the  cre- 
?^.  48.  is  a  section  of  ifte  quarry  at  m  n(fig.  43): 
\z  i^gambbc  rock ;  r,  clny  ;  </,  chalk.  Fig.  44.,  a  sec- 
l /"£,  when  the  granitic  rock  rests  immediately  on  the 
Mc  cky  beil  being  absent.  The  granitic  rock  on  the 
tof  the  quarry,  resting  on  the  chiy  and  chalk  in 
contains  numerous  cubes  of  iron  pyrites  '. 
m  «•  terminate  this  sketch,  we  should  notice  certain 
lad  in  the  Colentin  ( Normandj, )  and  in  Seeland ;  which, 
fo  not  show  a  passage  of  the  chalk  into  the  supracre- 
fock$»  exhibit  an  interesting  juxtaposition  of  strata, 
dkalk  Ibssils,  and  those  with  organic  remains  com- 
trred  to  a  more  recent  date.  The  baculite  limestones, 
ijbiiy  are  termetl,  of  the  Cotentin  had  often  been  visited, 
1  morv  or  less  noticed  ;  but  their  real  position  in  the  series 
I  not  pointed  out  until  ihey  were  described  by  M.  Desnoyers 
in  I8]f5.  The  bacuJite  limestone  is  white  or  yellow,  and  for 
|h«  mo>.t  part  compact,  varying,  however,  in  its  mineralogical 
character,  being  sometimes  cretaceous  and  even  arenaceous. 
It  cw^lains  the  organic  remains  of  the  cretaceous  group,  seve- 
VtA  being  also  found  at  Maestricht;  such  as  Bacculites  vertc- 
kr\tli-<t  I'hccidea  radians^  T,  recwrirostra^  Terel/ratula,  four 
t>r  five  pnrliculur  species  not  named,  &c.  These  beds  are  sur- 
nuHUitotl  by  otliers  (the  whole  collectively  being  of  no  consi- 
drrablr  thickness),  composed  principally  of  calcareous  matter, 
not  presenting  any  marked  difl'erence  in  appearance,  though 
fhtiy  do  nut  ]>recisely  rcsemlile  those  beneath.  They  contain 
urutuiic  n'inuins,  such  as  are  found  in  the  calcaire  grossier; 
ntul  M.  Desnoyers  considers  that  a  well  defined  zoological 
linn  can  be  drawn  between  the  two  deposits;  observing,  how- 
(iviir,  that  iV.  the  contact  of  the  lower  portion  of  the  one  with 
xUv  upper  pmt  of  the  other,  when  the  rocks  were  without 
nuu'li  cohereuci",  there  was  sometimes  an  apparent  mixture  of 
lliii  litssiN.  '*  But  at  the  same  time,"  observes  M,  Desnoyers, 
«•  it  hn«  appeared  to  me,  that  independent  of  this  confusion, 
which  nwiy  l)e  accidental,  the  species  of  the  compact  chalk, 
7 n '(//».«  and  Uacaditcs,  preserving  their  habitual  mtxie  ofpe- 
II  itiH  lion,  niifiht  liave  belonged  to  a  previously  formed  bedf." 
Till'  gi'tilogical  student  can  observe  the  baculite  limestone  at 
I'Vuvilh',  C'auquigny,  Bonneville,  Orglandes,  Hauteville,  and 
uthcr  places  in  the  Cotentin. 

M.  Desnoyers  remarks  on  the  absence  of  TurriliteSy  Gryphtea 
Coltmlm^  (i.  striata^  Ostrea  carnialay  O.  pectinaia^  Pecteti  spi- 

Klllttly,  MSS. 

Ditaovcm,  ^^ur  la  Craie  et  les  Terraitu  Tertiaires  du  Cotentin ;  Mlm. 
8oc.  illisl.  N»t,  de  Tari*,  I.  ii. 
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nostUf  ChenendoporOf  Ilallhkoay  VentriaditeSy  Spotigits,  &c. 
amid  a  mass  of  tossils  found  in  ihe  chalk  and  green  sand. 

MM.  Pttssy  and  Graves  have  iioliced  some  beds  at  Saint 
Germain-de-Laversines  (Normandy),  wbkh  are  referred  to  the 
same  age  as  the  baculile  limestone.      Tlie  rocks  of  Saint- 

»Germain-de-L,avei-sines  form  two  distinct  beds,  the  highest  of 
which  consists  of  yellow  limestone,  containing  numerous  casts 
of  shells  and  polypifers,  and  is  about  six  or  seven  yards  thick. 

I  The  lowest  betl,  which  rests  immediately  on  white  chalk,  is  very 
hard,  and  contains  the  same  organic  remains  as  the  upper  bed. 
These  remains  are  staled  to  differ,  with  the  exception  of  some 
cretaceous  echinitesj  both  Irom  those  usually  found  in  the 
chalk  and  in  the  calcaire  grossier*. 
The  base  of  the  cliff'  at  Stevensklint  (Seeland)  is  formed  of 
chalk  with  beds  of  nodtdar  flints.  Upon  the  chalk,  which  is  re- 
presented as  having  an  undulated  surface,  rests  a  thin  bed  (about 
six  inches  thick)  of  a  bituminous  clay,  containing  a  Zoophyie, 
SAar/cs'  tect/iy  a  Pecteity  impressions  of  a  bivalve,  and  traces  of 
vegetable  remains.  Incumbent on  tJiis  is  a  hard  yeJtowish  white 
limestone,  containing  the  remains  of  the  genera — Palelloy 
1  species ;  C}fpY(va,  2 ;  Ftistts,  I ;  Cerithium^  2 ;  Ampidlarioy  1  ; 
TrochuSj  1  ;  Datialiiimy  1 ;  Area,  1  ;  Mytilus,  1  ;  Serptda,  1 ; 
H  Spatatigiis,  1  ;  Favosites,  1 ;  and  Turbiuoliay  1  ;  with  Fishes' 
^g-ieeth^  and  undeterminable  univalves,  bivalves,  and  corals.  This 
limestone  contains  gi'een  grains,  seldom  exceeds  three  feet, 
aod  is  soaielimes  only  a  few  inches  in  tluckness,  but  is  nowhere 
entirely  wanting.  It  is  covered  by  anotlier  limestone,  from 
thirty  to  forty  feet  thick,  almost  entirely  composed  of  fragments 
of  corals,  and  forming  the  upjier  part  of  the  clilT.  This  is  di- 
vided by  chert  into  many  beds,  the  chert  being  bent  and  curved. 
It  in  remarkable  that  the  organic  remains  of  this  superior  de«  j 

I  posit  are  such  as  are  considered  cliaracteristic  of  the  chalk, 
consisting  of  Annnchytes  ovatct,  Ostrea  ve&icularisy  Ddemnites 
mucronatus,  &c.  Dr.  l^orchhammer  observes  that  the  remains 
of  Ananchyies  ovata  are  occasiomilly  so  abundant  that  the  lime- 
fttone  consists  almost  entirely  of  themf.  In  this  case  it  mights 
be  inferred  that  there  was  an  alternation  of  the  fossils,  com- 
monly considered  as  cretaceous,  with  others  of  a  supracreta- 
ceous  character. 

I  From  an  inspection  of  the  List  of  organic  remains  found  in 
the  cretaceous  groupj:,  it  would  appear  thai  the  remains  of 
-mammalia  have  not  yet  been  detected  in  the  cretaceous  group ; 
while  reptiles,  one  ot  them  of  considerable  size,  the  Mosusaurus 
Hoffhiaunu  have  been  observed  in  Yorkshire,  Sussex,  Maes-' 

•  PaMjr,  Description  Gc-ologupie  de  la  Seine  Iiifi'rieure :  Rouen,  1832. 
t  Forchhainmcr,  Edin.  Jnurn.  of  Hrii-ucv,  lol.  ix.  1828. 
I  Sue  List  of  organic  remains  at  the  end  of  the  volume, 


I 


398 


Crftaceous  Group. 


tricht  anil  Meudon.    Fish  liave  been  observed  in  France,  and 
in  various  parts  of  England.    Sharks'  teeth  and  the  tritores  < 
some  fish  are  far  from  uncommon.     Crustacea  have  been 
ticed  in  Denmnrk,  Yorkshire,  Sussex,  the  Isle  of  Wight,  Dc 
setshire,  and   Msestricht.      Among  the  polypifers  the  mc 
abundant  would  appear  to  be  different  species  of  the  genel 
Spo)t*'ia  and  Alcyonium  of  some  authors ; — genera,  many  sj> 
cies  of  Vr'hich  have  been  classed  by  Goldfuss  under  tiie  hea 
of  AchilU'um,  Manon,  Scifphia^  and   Tragos,  so  that  there  h" 
much  difficulty  in  presenting  a  list  which  should  give  the  dif- 
ferent species  under  any  one  arrangemenL     Manon  pulvina- 
rium^  and  M.  Pcziza,  CJoldf>,  are  found  at  Maestricht,  and  at 
Essen  in  Westphalia;  Spongia  ramosa,  ManU,  is  discovered  in 
the  chalk  of  Yorkshire,  Sussex,  and  Noirmoutier ;  Ala/onium 
globostun,  Defr.,  at  Amiens,  Beauvais,  Meudon,  Tours,  Gien, 
and  in  the  buculite  limestone  of  Normandy  ;  Hallirhoa  cosiaii 
Lam.,  in  llie  green  sand  of  Normandy,  and  the  upper  gri 
sand  of  Wiltshire  ;  CWiopora  steUatay  Goldf.,  Maestricht 
Westphalia;  JLunulitcs  cretacca,  Defr.,  at  Maestricht,  Tou 
and  in  the  baculite  limestone  of  Normandy;  Orbitulites  lenti- 
cidaia.  Lam,,  in  Sussex,  and  at  the  Perte  du  Rhone.    Accoi 
ing  to  Goldfuss,  numerous  polypifers  are  discovered  at  M* 
tricht;  consisting  o^  Achilleiim.,  1  species;  Mnnoii^  4;    Trag 
1  ;  Goygonia,  1,  Nullipora^  I  ;  Millepora,  2;  EscharOj  9;  G 
leporay  b" ;  Itcteporay  5  ;   Ccriopora^  1 3  ;   Futigia,  1 ;  Diplocl 
7iium,  2  ;  Meafidrhm,  I  ;  Aslrea^  !3;  to  which  should  be  add 
according  to  M.  Desnoyers,  Lumdih'S,  1.     Among  the  Radi- 
aria,  the  Apiocrinites  ellipticus.  Miller,  is  found  in  the  chalk  of 
Yorkshire,  Sussex,  Westphalia,  Moesiricht,  Normandy  and 
Tonraine;  the  Cidaris  variolaris^  A).  Brong.,  in  Sussex,  and 
Normandy,  at  the  Perte  tlu  Rhone,  in  Westphalia,  and  Sax- 
ony;  the  C.  granulosus^  Goldf.,  at  Maestricht,  Aix-la-Chnpelle, 
and  Westphaha;  the  C  saxatilis,  in  Sussex  and  Normandy; 
the  Gahrites albogalenis,  Lam.  (Fig.  i6.),  in  Yorkshire,  Sus- 
sex, Dorset,  Normandy,  Quedlinburg,  Aix-la-Chapelle,  and 
PolantI ;  the  G.  vulgaris.  Lam.,  in  Sussex  and  France,  at 
Quedlinburg,  and  Aix-la-Chapelle ;  the  Ananchytes  ovata^  *^H 
Yorkshire,,  Sussex,  Normandy,  at  Meudon,  in  Westphalii^H 
Poland  and  Sweden ;  the  A.  hemispfiarica,  in  Yorkshire  and 
Normandy;  the  Spatangus  Cor-angm'num,  Lam.  (Fig.  45.)  ij^^ 
Yorkshire,  Sussex,  Dorsetshire,  various  pni'ts  of  France,  tli^H 
Savoy  Alps,  various  parts  of  Germany,  Poland,  and  Sweden^^ 
the  Sp.  ornainSf  at  Aix-la-Chapelle,  Normandy,  and  Bayonoe; 
Sp.   Btifo^   Al.   Brong.,  Sussex,  Normandy,  Maestriclit,  and 
Aix-la-Chapelle ;  the  Sp.  Cor-testudinariumy  at  Maestricht  and 
Quedlinburg.     Among  the  shells,  the  most  widely  distributed 
would  appear  to  be  Lutraria  Gurgitis,  found  at  the  Pel 
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IhonC)  and  in  Sweden;  Mi/a  manJibidaiSoasex,  Isle  of  Wight, 
Jormandy,  and  iti  ihe  South  of  France ;  Trigonia  alieformis^ 


y  '^.^ 


Fig.  \9.  Fig.  50.  Fig.  51.     Fig.  52. 

Mention,  the  South  of  France,  and  Sweden;  Inoceramus  (or 
CatiUus)  Brougniarti,  in  the  chalk  of  England,  Poland,  and 
[Sweilen;  Itio.  concfutriats,  in  Sussex  and  in  Wiltshire,  West- 
f  phalin,  at  the  Perte  du  Rhone,  and  in  the  Savoy  Aljjs ;  Ino, 
suIcnltiSy  in  Sussex,  at  the  Perte  du  Rhone,  in  the  Savoy  Alps, 
and  in  Sweden;  riagiosfoma  spinosum  (Fig.  49.},  in  the  chalk 
of  Sussex,   Dorsetshire,  Normandy,   Meudon,   the  South  of 
France,  Saxony,  Polantl,  and  Sweden ;   Gervillia  solcnoidcs^ 
Maestricht,  Sussex,  Wilts,   Dorset,  and  Normandy;  Pecten 
\qtmiqiiccostatus  (Fig.  50.),  in   Sussex,  the  West  of  England, 
I  Normandy,  at  Meudon,  tlte  Perte  du  Rhone,  Sweden,  &c.; 
I  P.  qtiadricosiaius  {Fig.  51.),  in  Sussex,  the  West  of  Enghind, 
Normandy,  at  Maestricht,  and  in  the  Alps  of  Datiphine ;  P, 
espcr^   Wilts,   Normandy,  Germany,   and   Poland;  Podopsis 
tnincata  (Fig.  52.),  in  Normandy,  Dorset,  Touraiiie,  and  Swo- 
llen ;  Pod.  striata^  in  Yorkshire,  Wes.tphaUa,  and  Normandy; 
Ostrea  vestctdaris*  (Fig.  53.))  in  Sussex,  Normandy  and  other 
places  in  France,  at  Maestricht,  and  in  Sweden;  O.  carinata, 
in  Germany,  Sussex,  Normandy,  and  the  South  of  France  j 
O.  serratay  Sweden,  Maestricht,  and  in  the  South  of  France; 
GryphiPa  auriadaris,  at  Pcrigueux,  South  of  France,  in  the 
I  Alps  of  Dauphine,  and  Poland  ;  G.  Columba  (Fig.  54?,),  North- 
amptonshire, Normandy,   South  of  France,  Maritime  Alps, ' 
Germany,  and  Poland;  G.  simmla,  Yorkshire,  Isle  of  Wight, 
Normandy,  Dauphinc!-,  South  of  France,  and  the  Pyrenees; 
Terebratula  plicaiitis,  Moen,  in  Sussex,  at  Meudon,  Soutii  of 
France,  and  the  Alps  of  Savoy  and  Dauphine ;  T.  sttbplicata. 
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in  Yorkshire,  Sussex,  Maestricht,  Normandy,  and  at  Tours 
and  Beauvais;  T.  Defranciiy  in  Yorkshire,  Sussex,  at  Meudon, 
Maastricht,  and  in  Sweden  ;  T,  alata,  Normandy,  South  of 
Frnnce,  at  Meudon,  and  in  Sweden  ;  T.  octoplicata,  in  Nor- 
mandy, South  of  France,  Quedlinbnrj^,  and  Swetlen  ;  T.  pec- 
tifa.,  in  Wiltshire,  Normandy,  and  Sweden ;  7'.  scmiglobosa, 
Sweden,  Moen,  ^'orkshire,  liachum;  Belnnnites  mucronahis 
{\'\ft'  56.),  in  Yorkshire,  Sussex,  Normandy  and  other  parts 
of  France,  Sweden,  and  Polan«l ;  Ammonites  varianSy  in  Sussex, 
WilUihire,  Germany,  Normandy,  and  the  Savoy  Alps;  Am. 
llhotomagcnsiSi  in  Sussex,  Wiltshire,  and  Normandy;  Am. 
Mantelli,  Sussex,  Saumur,  Bochiira,  and  Hanover;  Am.Sdli' 
guiniis,  Normandy,  .Savoy,  W^estphaiiu,  and  Poland  ;  Am.  in- 
Jlaluji,  Wills,  Normandy,  and  the  Perte  du  Rhone ;  Am.  Hip- 
pocastanum,  Dorsetshire,  and  Normandy;  Bacculites  Faujasii 
(Fig.  55.),  Sussex,  Norfolk,  Maestricht,  Bochum,  Aix-la- 
Chapelle,  and  Sweden ;  Bac.  oblit/ualus,  Sweden,  Sussex,  and 
Normandy;  Hamilcs  rotitndiis  (Fig.  58.),  Yorkshire,  Sussex, 
Normandy,  the  Perte  du  Rhone,  and  Aix-la-Chapelle. 

Fig.  53.  Fig.  54..  Fig.  55.    Fig.  56. 


Fig.  57.       Fig.  58. 


It  will  be  observed  that  this  list  is  far  from  large,  when  we 
consider  the  number  of  species  enumerated  in  the  catalogue, 
and  that,  perhaps,  some  of  those  considered  identical  may  be 
different  species.  No  doubt  when  we  reduce  our  view  to  smaller 
distances  and  more  minute  divisions  of  the  cretaceous  group, 
other  species  tlian  those  above  enumerated  will  be  found  oc- 
curring under  similar  circutnslances  in  diflerent  situations; 
but  even  then,  certain  species  do  not  seem  to  be  so  constant 
to  particular  beds  as  has  been  supposed,  though  some  certainly 
are  found  over  considerable  distitnces  in  similar  parts  of  the 
group. 

The  following  summary  of  the  organic  remains  stated  by 
various  authors  to  have  been  discovered  in  the  cretaceous 

•  Fig.  bl,  Seaphitet  olAiquut,  Sow.  (Sc.  slrititus,  Mant) ;  Fig.  59.  Tmr- 
rilitrs  tubcrculalua.  Figured  lo  ihgw  the  forma  of  these  genera,  common  in 
the  crelai'eou!>  group. 
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group,  though  not  pretending  to  perfect  accuracy,  may  yet  be 
useful,  as  presenting  a  general  view  of  the  subject,  and  a^  being 
an  approximation  towards  the  truth. 

Piantte. — Conferviies,  2  species;  Fucoides,  9;  Zosterites,  4; 
Cycadites,  I ;  Thuites,  1  ;  and  various  vegetable  remains  not 
yet  delermined. 

Zuopkijla. — Achilleiim,  3;  Manon,  7;  Scyphia,  12;  Spon- 
jjia,  12;  Spongus,  2;  Tragos,  5;  Aleyonium,  2;  Clioanites,  3; 
^Ventriculites,  3;  Siphoniii, -t ;  Halirrhoa,  1;  Serea,  I ;  Gor- 
Pbonia,  1;  Nullipora,  1 ;  Millepura,  5;  EsL-hara,  10;  Cellepora,  7; 
ck)scinopora,  2;  Iletepora,  S;  Flustra,  3;  Cccloptychium,  S; 
Ceriopora,21 ;  Lunuliles,  1 ;  Orbitolites,  1 ;  Lithodendron,  2; 
Caryophyllia,  2;  AnthophyHum,  1  ;  Turbinolia,  2;  Fungia^  3; 
Chenendopora,  1 ;  Hippalimus,  1;  Diploctcnium,  2;  Mean- 
drina,  1;  Astrea,  15;  Pugrus,  I. 

Radiaria. — -Apiocrinites,  1 ;  Fentacrinites,  1 ;  Marsupites,  1 ; 
Glenotremites,  I  ;  Asterias,  1  ;  Cidaris,  9;  Echinus,  5;  Gale- 

K"tes,  9;  Clypeus,  I  ;  Clypeasier,  3;  Ethinoneus,  4;   Nucleo- 
tes,  12;  AnanchyteSj  8;  Spatangus,  29. 
Anmdata. — Serpula,  30- 
Cirripeda^ — Fullicipes,  2. 

Conchifera. —  Magas,  1 ;  Thecidea,  3  ;  Terebratula,  54 ;  Cra- 
nio, 8;  Orbicula,  1;  ilippurites,  8;  Sphajrulites,  15;  Ostrea, 
22 ;  Exogyra,  4 ;  Gryplia^a,  8  ;  Spha'ra,  1 ;  Ptidopsis,  5  ;  Spon- 
dylus?  1 ;  Piicalula,  4  ;  Pecten,  28  ;  Linvn,  3;  Piagiostoma,  15 ; 
^Avicula,  2;    Inoceraiuus,  19;   Pachynija,  1;   Meleagvtna,  1; 
Ipervillia,  3 ;   Pinna,  4;    Mylilus,  5;   Modiola,  2;  Chania,  2; 
^^rigonia,  11  ;   Nucula,  12;   Pectiinculus,  3;  Area,  6;  Cucul- 
Ifea,  6;  Cardita,  4;  Cardium,  3;  Venerecardia,  1 ;  Astarte,  1 ; 
Thetis,  2;  Venus,  9;  Lucina,  1 ;  Tellina,  3;  Corbulo,6;  Cras- 
satella,  2  ;  Cytherea,  2  ;   Lutraria,  2  ;   Panopa'a,  1  ;  Mya,  2  ; 
Pholas?  1;  Teredo,  1;   Fistulana,  1. 
Mollusca. — Dentalium,  4;  Patella,  1 ;  Emarginula,  2;  Pile- 
HtonS}  I ;   Helix,  1  ;  Auricula,  3  ;   Paludinn,  1  ;  AmpuUaria,  2; 
^Werita,  1  ;  Natica,2 ;  Vermetus,  4 ;  Delphtnula,  1 ;  Solarium,  1 ; 
Cirrus,  4;    Pleurotomaria,  3 ;   Trochus,  8;  Turbo,  4;  Tur- 
ritella,  1 ;  Cerithiiim,  1 :  Pyrula,  2;  Fusus,  1 ;  Murex,  1 ;  Pte- 
roceras,  1 ;  Rostellaria,  5;  Stiombus,  I  ;  Cassis,  1  ;  Duliuin,  1  ; 
Eburna,  1  ;    Nummidites,  2;    Lenticulites,  2;    Lituolttes,  2; 
Planularia,  2;    Nodosaria,  2;    Belemniles,  7;    Nautilus,  7; 
Scaphites,  2;   Ammonites,  50;  Turrilites,  6;  Baculites,  Si 
Hamites,  21. 

Crustacea. — Astacus,  4;  Pagurus,  1 ;  Scyllarus,  1  ;  Eryon,  1; 
Arcania,  1  ;  Elyaea,  1 ;  Coryster,  1 ;  Orythia,  I. 

Pisces. — S<]ualus,  3;  Muraena,  I  ;  Zeus,  I  ;  Esox,  1 ;  Sal- 
mo?  1 ;  Amitt?  1. 
Reptilia. — Mososaurus,  1 ;  Crocodile,  1. 
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That  adn^  Plantit,  S  genera,   17  species.      Zoophyta^ 
S5  gemOMt  146  ipedes.     Radiaria,   14-  genera,   85  sp«cie^^ 
1  genus,  SO  species.     Cirripeda,  1  genus,  S  specii^H 
48  genera,   300  species.      Mollusca,  40  geneil^^ 
IC7  ipadofc     Onatacea^  8  genera,  1 1  species.     Pisces^  6  ge- 
MflB^S  ^Mcies.     Reptilia^  2  genera,  2  species. — Total,  160 
gMKn^  7<58  species. 

Foaad  vegetables  are  by  no  means  common  in  the  mass  of 
tke  tnw  or  while  chalk,  and  those  thiit  are  tbund  are  stated  to 
be  principally  marine.     The  distribution  of  vegetable  remains 
'WOwi  apfiotr  to  be  very  unequal  in  tbe  lower  parts  of  the 
gnm^l  tor  while  vegetable  matter  has  been  so  abundant  in      , 
mow  places  as  to  constitute  coul  beds,  at  others  traces  of  v^ll 
geCi^tles  are  exceedingly  rare.    Dicotyledonous  wood,  piercefl^ 
br  some  boring  shell,  seeming  to  show  that  it  had  been  drifted 
akcHit,  is  not  rare  in  the  green  sands  of  Dorsetshire. 

The  reader  will  observe  that  the  genera  Ammonites^  Sca- 
mkittSt  Hamites^  Tun-ilites,  Baaditesj  and  Belemnites,  are  now 
first  introduced  into  the  lists  of  organic  remains;  these  genera 
not  having  as  yet  been  noticed  in  the  supracretuceous  rocks. 
It  was  once  considered  that  the  genera  Scaphites,  UamiteSi 
Turrilitrs,  and  llaculiieXy  were  confined  to  tlie  series  under 
consideration ;  but  though  their  s|)ecies  may  be  more  abundant  i 
in  the  cretaceous  group,  tliey  are  not  confined  to  it ;  for,  as 
will  be  seen  in  the  sequel,  Hamites  and  Scaphites  are  found 
in  the  oolitic  group.  Moreover,  a  Turrilile  has  been  men- 
tioned, though  with  doubt,  as  occurring  in  the  Coral  Rag  of 
tlie  North  oi'  France.  The  presence  therefore  of  these  genera 
in  distant  places  may  not  be  alone  sufficient  to  identify  the 
rocks  containing  them  with  the  cretaceous  group;  yet  if  the 
ip«cies  are  in  any  abundance,  our  present  knowledge  would 
lead  us  to  susjicct  that  such  deposits  might  be  contempora- 
ttcous  with  the  cretaceous  series.  If  we  reason  from  the  ana- 
logy of  tite  existing  state  of  things,  there  is  nothing  to  op(>ose 
ihu  inference  that  the  same  genera  may  equally  characterize 
contemporaneous  deposits  in  North  America  and  in  Europe ; 
for  according  to  Dr.  Morton,  several  species  are  now  common 
to  the  shores  of  Europe  and  the  United  States. 

Dr.  Morton  considers  that  rocks  equivalent  to  the  cret 
ceous  group  do  exist  somewhat  extensively  in  North  Ameri( 
lie  has  named  it  the  Ferruginous  Sand  Formation   of  the 
United  States,  and  describes  it  as  occupying  "  a  great  part  oi 
the  triangular  peninsula  of  New  Jersey,  formed  by  the  Atlantic, 
tinil  the  Delaware  and  Raritan  rivers,  and  extending  acroai^H 
M»q  wtatc  of  Delaware  from  near  Delaware  city  to  die  Chesa^H 
,:    appearing    again    near  Annapolis,    in    Maryland;    at 
'h's  Creek,  in  Soutli  Carolina ;  at  Cockspur  Island,  ir 
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Georgia ;  and  several  places  in  Alabama,  Florida,  &c."  In 
New  Jersey  there  is  a  very  extensive  development  of  marl. 
Taken  as  a  mass,  llie  depoiiit  varies  considerably  in  its  mine- 
Mslogical  character ;  most  tVecjuently  presenting  itself  in  minute 
friable  grains,  with  a  dull  blueish  or  greenish  colour,  otten 
with  a  grey  tint.  The  predominant  constituent  parts  of  this 
marl,  as  it  is  termed,  are  described  as  silica  and  iron.  There 
are  subordinate  beds  of  clay,  of  siliceous  gravel,  (the  pebbles 
varying  in  size  from  coarse  sand  to  one  or  two  inches  in  di- 
ameter,) and  calcareous  marl.  The  marl  is  sometimes  yel- 
lowish brown  and  filled  with  green  specks  of  silicate  of  iron, 
and  sometimes  contains  a  considerable  quantity  of  mica. — The 
following  is  a  list,  according  to  Dr.  Morton,  of  the  organic 
remains  found  in  this  deposit,  and  described  by  Mr.  Say, 
Dr.  Dekay,  and  himself*. 

Ammonites  Placenta,  Dekay :   A,  Delavsarensis,   Morton ; 
A.  Vanuxtmiy   Morton ;    A.   Hippacrepis,   Dekay ;    Baadites 
Wgoatus,  .Say ;  Scaphites  Cuvieri,  Alorton  ;  Belemnites  America- 
Htt5,  Morton,  abundant,  (allied  to  B.  mucronatus);  B.  ambiguus, 
Hlorton ;   Turriiella;  Sc(tiajiaannulata, Morton;  Jioslellaria,- 
^9fatica:  Bulla?   Trochtis;  Cj/prcea  (casl) ;   Terebratida  Har- 
iani,  Morton;   T.fragilis,   Morton;   7'.  Sarj//,  Morton ;   Gry' 
fhtea  convcxa,  Morton ;  G,  mutafjilis,  Morton,  (some  varieties 
of  this  species  closely  approach   Oitrca  vesicularis.   Lain.); 
G.  Vomer,  Morton;    Exogyra  costata.  Say;    Ostrca Jalcata^ 
Morton;   O.Crista-Galli;  Os^r^'o,  two  other  species;  Anonna 
Ephippitim  ?    Lam. ;    Pecten  quinquccoslatus.   Sow. ;    Pecten, 
another  species ;    Plagiostoma;    Curdium;    Cticulltva  inilgaj-is, 
Morton;  CuculUea,  another  species;    Mya;    Trigonia ?   Tel' 
lina;  Aiucula;  Pectunadus;  Pimia,  resembling  P.  tetragona^ 
Sow.;   Ventts;  Vermctus  rotula,  Morton  ;  DentaliuTH  Scrpula ; 
Spatangus  Cor-auguinum?   Park.;  Sp. Stella,  Morton  ;  Anan- 
ckyfes  ductus,  Morton  ;  Aiu  ^mbriattis,   Morton  ;  An.  ?  cm- 
cifer,  Morton;  Cidaris?  Cli/peaster.     Crustaceous  remains: 
AtUhophtfllum  atla7iticum,  Morton.     Eschara;  Flustru;  Kete- 
jwra,  resembling  It.  chithruiu,  GoKlf. ;   Cari/ophi/llia ,-  Alcyo~ 
nhtm:  Alveolites.     Teeth  and  vertebra*  of  iJie  shark.     Sauro- 
don  Leanus,  Siiy-     Remains  of  the  Crocodile  (fre<]uent);  of 
tbe  Geosaunis ;  of  the  Mososaunis  (Sandy  Hook  and  Wood- 
bury, New  Jersey);  of  the  Plt:siosaunis ;  of  a  Tortoise;  and 
Bf  some  gigantic  animaU     Lignite  pierced  by  the   Teredo^ 
Abundant. 

It  is  almost  impossible  not  to  be  struck,  in  the  foregoing 
It,  with  the  great  zoological  resemblance  of  this  ferruginous 

•  Say,  American  Journal  of  Science,  vol.  i.  ontl  ii. ;  Dekny,  Annals  of 
be  New  Vork  Lyceum ;  and  Morton,  Juurnal  uitlic  Acud.  of  Nat.  Sciences 
M'hiladclpltia,  vol.  vi. ;  and  American  Jour,  of  Sci.  vol.  xvii.  and  xviJL 
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sand  deposit  with  the  cretaceous  rocks  of  Europe.  The  Pec 
ten  qninquecustalns  is  i\  well  known  and  vviiiely  distributed 
cretaceous  fossil.  But  it  is  not  so  much  by  individual  parts 
as  by  the  general  character  of  the  whole,  that  Dr.  Morton's 
inference  seems  in  a  great  measure  established.  How  far  tlje 
cretaceous  fjroup  of  the  Unitetl  Estates  may  be  separated  be- 
neath and  above  from  other  deposits  more  or  less  contempo- 
raiveous  with  those  in  Euj'ope,  remains  an  interesting  problem, 
which  it  is  hoj>ed  that  Dr.  Morton  and  other  American  geo- 
logists will  eiidewvour  to  solve.  From  some  notices  scattered 
through  the  memoirs  of  Dr.  Morion  and  other  authors,  it 
would  seem  far  from  improbable  that  the  cretaceous  rocks 
may  pass  into  the  supracretaceous  group. 

Assuming  that  the  American  ferruginous  sand  formation  he^^ 
longs  to  the  group  under  consideratton,  of  which  there  seenij^| 
great  probability^  it  would  appear  that  the  great  white  carbt>^^ 
nate  of  lime  deposit,  or  chalk,  did  nut  extend  there,  but  that 
a  series  of  sands,  marls,  clays  and   gravels,  constituted  the 
whole  group.     How  far  tfie  marls  or  clays  nmy  be  altojjether 
mechanical  is  perhaps  uncertain  ;  but  the  gravel  would  seei^H 
to  attest  the  former  presence  of  water,  moving  with  some  v^^^ 
locity,  for  the  pebbles  even  attain  one  or  two  inches  in  dia- 
meter. 

Wealdek  Rocks. 

SvN.  Weald  Clay,  {Argile  FeUienne,  Al.  Brong. ;  Wealdfhon,  Genn.) 
Ilniiting.s  Sands,  {Iron  Sand ;  Sable  Frrrugineux ;  Knrzawka  of  Poland.) 
Piirbeck  Btds,  ( Catcaire  Lumachelie  Purbecklcn,  Al.  Brong.) 

These  rocks,  characterized   in   England  by  the  presence  of 
abundant  terrestrial  and  fresh-ivater  remains,  occur  bencith 
the  lower  green  sand  of  the  English  scries.     The  Weald  clay, 
which  constitutes  the  upper  part  of  the  rocks  under  considera- 
tion, does  not  present  a  cfear  line  of  sejiaralion  fj'om  tlie  mn^ 
rine  deposits  above  it;   the  lower  part  of  the  one  and  upf 
portion  of  the  other  alternating,  according  to  Mr.  Murchisoaj 
and  Mr.  Martin f,  in  tlie  western  part  of  Sussex; — an  impc 
tant  fact,  us  it  shows  that  the  change  of  circumstances,  which 
permitted  the  residence  of  marine  animals  over  a  surface  pre- 
viously only  covered  by  fresh-water  animals,  was  not  suddeu 
but  gradual:}^. 

Weald  Clay. — According  to  Dr.  Fitton,  (to  whom  we  are 

•  Murchinon,  Geiil.  Trans.  2nd  scries,  vol.  n. 

f  Martin,  Gcol.  Mem.  on  Wcstoni  Sussex,  182S. 

X  For  pariiculiir  descriptions  of  the  M't-aldeu  rocks  of  Sussex,  and  the 
organic  contents,  the  reader  should  consult  tlte  viirioiis  works  of  Mr.  Ms 
tell: — Illustrations  of  tlie  Geology  of  Sussex;  Illustrations  of  Tilgatc  Fo- 
rest, &c. 
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idebteJ  for  our  knowledge  of  the  nature  of  die  Wealden 
rocks  of  England,  wliicli  wei'e  previously  confounded  with  the 
marine  argillaceous  and  arenaceous  beds  beneath  the  chalk,) 
this  clay  is  composed  in  the  Isle  of  Wight,  wliere  there  are 
fine  sections  of  it,  of  slaty  clay  and  limestone,  with  beds  of 
iron-stone ;  the  lamina?  of  the  clay  frenuently  coated  with  the 
remains  of  Cypris  Faba,  Dcsm.*  Mr.  Martin  defines  the  clay 
of  the  Weald  of  Sussex  (whence  the  name,)  as  "  a  stiff  ctay» 
brown  on  the  surface,  and  blue  and  slaty  beiteath,  containing 
concretional  iron-stone  I-"  It  appears  that  the  iron-stone 
was  once  worked,  and  slags  from  the  ancient  furnaces  are 
found  in  different  situations.  The  thickness  of  the  ctay  is 
estimate<l  at  150  or  200  feet  in  western  Sussex.  Beneath  this 
there  is  an  altei-nntion  of  clays  and  sands,  including  the  lime- 
stones full  of  the  Paludina  vivipara^  and  known  as  the  Pet- 
worth  marble. 

Hastings  Sands. — The  following  is  the  order,  according  to 
Dr.  Fitton,  of  the  beds  of  Hastings  sands,  in  Sussex,  &c. 
I.  Ferruginous  and  fawn-coloured  sands,  and  sandstone,  in- 
cluding small  portions  of  lignite,  with  sliffgray  loam.  2.  Sand- 
stone. 3.  Sandstone  containing  concretional  courses  of  calci- 
ferous  grit.  4.  Dark-coloured  shale.  5.  White  sandstone 
of  Hastings  cliffs,  100  feet.  6.  Clay,  shale,  and  thin  beds  of 
sandstone,  containing  lignite  and  silicified  wood  {Ettdogenites 
erosa).  7.  Sandstone,  without  concretions;  dividing  into 
rhomboidal  masses  ;  numerous  veins  of  argillaceous  iron  ore, 

Mid   of  clay,   approaching  to   [lipe-clay   at   the   lower  part. 

p.  Dark-coloured  shnie,  with  roundish  masses  of  sandstone, 
and  several  layers  of  rich  iron-stone,  ihin  layers  of  lignite,  and 
innumerable  fragments  of  carbonized  vegetables |;.  The  same 
author  observes  that  the  ecjuivalent  beds  in  the  Isle  of  Wight 
are  composed  of  sands  and  sandstones,  "frequently  ferrugi- 
nous, with  numerous  alternations  uf  reddish  and  variegated 
sandy  clays,  and  concretions  of  calcareous  grit  ^." 

There  are  certain  local  variations,  which  will  be  found  de- 
scribed in  the  works  treating  of  particular  districts.  The 
Hastings  beds,  however,  would  appear,  as  a.  mass,  to  be  prin- 
cipally arenaceous.  According  to  Mr.  Mantetl,  the  lower 
part  of  the  Hastings  deposits  {the  Ashburnham  beds,)  are 
composed  of  argillaceous  limestone  alternating  with  schistose 
marls,  which  are  probably  connected  with  the  following. 

•   FJUon,  Auin.  of  Pliil.  1S21. 

t  Martin,  Geol.  Mem.  Western  Sussex. 

I  Fitton,  Gealogical  Sketch  of  the  Vicinity  of  Hastjagu,  1833.  Dr.  Fittoa 

ntider*  the  Tiigate  beds,  no  well  known  from  the  remarknble  fossil  animals 

overed  bv  Mr.  Mantel],  as  belongiTjg  to  the  upper  part  of  tlio  Hastings 

ig.—fbil  p.  U. 

Fitton,  Ann.  of  Pltil.  1521. 
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Purbeck  Bids. — These  are  composed  of  various  limestc 
strata,  alternnlin^  with  marls,  many  of  tlie  former  being  ex- 
tensively used  for  the  pavement  of  London.  Mr.  Webster 
observes,  that  at  WarUarrow  liay,  Lulworth  Cove,  and  other 
places  on  llie  coast  of  Dorsetshire,  the  upper  bed  of  the  Pur- 
beck  strata,  supporting  the  Hastings  .Sands,  contains  a  large 
proportion  of  green  earth,  the  calcareous  matter  being  aj^ 
parently  derived  from  the  fragments  of  a  bivalve  shell. 

From  the  lists  of  organic  remains  found  in  the  Wealden 
rocks,  it  will  appear  that  this  tleposit  of  limestones,  sandsi, 
sandstones,  and  clays,  was  formed  in  water  which  permitted 
the  existence  of  shells  analogous  to  those  which  now  live  in 
fresh  water.  With  these  are  discovered  the  remains  of  estuary 
animals,  and  a  few  shells  (CVj/-6?(/o,  Tt77iM«, /iw//a),  which  may 
be  considered  as  marine,  the  species  of  the  analogous  genera 
of  the  present  day  inhabiting  sea  coasts.  The  presence  of  tlie 
latter  wilt  not,  however,  invalidate  the  general  evidence  in 
favt)ur  of  a  iuke,  river,  or  estuary;  for  not  only  may  these 
shells  have  been  introduced  accidentally,  but  the  animals  in- 
habiting them  may  also  have  been  gradually  accustomed  to 
live  in  fresh  or  estuary  waters,  as  is  the  case  in  the  pre- 
sent day  with  the  species  of  some  genera  usually  considered 
marine. 

It  would  appear  that  ihe  diti-hcd,  first  noticed  by  Mr.  Web- 
ster in  the  Isle  of  Portland,  and  which  has  since  been  observed 
in  the  vicinity  of  Weymouth  antl  elsewhere,  commences  the 
pha2nomena  which  attest  tlry  lanil,  succeeded  by  submersion 
of  the  same  lanil  beneath  fresh  or  estuary  waters,  in  which  the 
whole  of  the  Wealden  rocks  of  south-eastern  England  were 
Ibrmed  ;  not  suddenly,  for  there  are  no  conglomerates  to  mark 
a  possible  state  of  violence ;  but  quietly,  the  shells  being  tran- 
quilly cnvelopeil  by  the  calcareous,  argillaceous,  or  arenaceous 
matter  wliich  now  entombs  them.  It  will  be  seen  tliat  the 
oolitic  group,  immediately  preceding  this  slate  of  things,  was, 
judging  from  the  nature  of  the  organic  remains,  formed  be 
neath  a  sea.  Therefore  we  must  suppose  a  rise  of  the  land, 
or  depression  of  the  sea,  to  such  an  amount  as  to  {lermit  the 
Bea-formed  rocks  to  become  dry  land,  upon  which  Cifcade- 
oidea:  and  dirxjtyledonous  plants  ofa  tropical  nature  flourished. 
This  land  was  then  depressed  ;  but  so  tranquilly,  that  the  ve- 
getable soil,  mixed  with  a  few  pebbles  of  the  subjacent  rock, 
was  not  washed  away;  neither  were  the  trees  considerably 
displaced,  but  they  were  left  much  as  we  have  seen  other  trees 
in  the  submarine  forests  which  surround  Great  Britain  in  va- 
rious places,  and  occur  on  the  coasts  of  France.  Like  them, 
also,  die  trees  of  the  dirt-hcd  ore  found,  some  prostrate,  otliers 
inclined,  and  ethers  nearly  in  the  position  in  which  they  grew ; 


upright  portions  being  partly  included  in  the  limestone 
itrata  above.  The  only  ditf'ereiice  in  the  trees  in  the  dirt-bed, 
and  tiiose  in  the  submaiiiie  forests,  would  appear  to  consist  in 
the  tropical  nature  ol'  those  in  the  dirt-bed,  and  the  near  ap- 
proach, if  not  the  identity,  of  the  submarine  forest  vegetation 
with  thai  now  existing  in  Great  Britain  and  France.  There 
is,  therefore^  nothing  singular  in  the  gradual  depression  of  the 
id»  so  quietly  as  not  to  cause  the  removal  of  the  trees  and 
Kher  vegetable  matter,  as  this  has  happened  at  various  pe- 
iods. 

Instead  of  the  depression  having  been  effected,  in  the  first 

istance,  beneath  the  waters  of  the  sea,  circumstaTices  have  so 

[existed  that  it  took  place  beneath  fresh  water,  which  gradually 

Ipcquired  sufficient  depth  to  permit  a  deposit  of  various  mineral 

lubstances  several  hundred  feet  thick.     The  circumstances  at- 

llending  this  defiosit  have  not  been  constant.     At  first  calca- 

)us  matter  was  thrown  down,  with  somewhat  regular  inter- 

iptions,  which  introduced  a  sufficient  quantity  of  argillaceous 

latter  to  produce  marl.     Although  fresh-water  and  terrestrial 

animals  were  now  imbedded,  there  would  also  appear  to  have 

been  at  least  one  time  when  the  water  near  Weymouth  and  in 

(the  Isle  of  Wight  was  capable  of  supporting  the  life  of  oysters 

md  cockles,  and  therefore  at  least  brackish.     After  this  first 

:riod,  sands  were  accumulated  in  great  abundance,  and  in 

liem  were  entombed  a  great  variety  of  land  and  fresh- water 

[Tortoises,  Crocotliles,  Plesiosauri,  Megalosauri,  Hyla?osauri, 

land  huge  Iguanodons*,  those  monstrtms  terrestrial  reptiles. 

TThese  must  have  sported  in  the  waters,  or  roametl  along  the 

"  inks  of  this  lake  or  estuary,  into  which  trees  and  difi'erent 

[vegetables  were  drifted.     A  clay  de|)osit  crowns  this  succession 

'  rocks,  still  however  not  showing  any  other  than  a  fresh- 

[%ater  origin.     How  far  we  may  consider  the  change  of  the 

slntive  level  of  sea  to  have  prottuced  a  constant  depression  of 

itbe  land,  is  uncertain;  but  be  this  as  it  may,  the  sea  was  des- 

[tinecl  again  to  cover  the  land  and  resume  its  empire,  ftir  above 

je  last-noticed  clay  reposes  the  whole  mass  of  the  cretaceous 

:ks   of  south-eastern    England,   of  marine   origin.      This 

change,  like  that  which  preceded  it,  was  not  sudden ;  there 

re  no  marks  of  violence  between  the  Weald  clay  and  the 

;en  sand ;  on  the  contrary,  there  is  a  passage  of  one  into 

le  other,  an  alternation  of  the  two  at  their  junction.     There 

every  probability  that  the  sea  did  not  make  a  furious  inroad 

over  t)je  land,  but  that  there  was  a  quiet  and  gradual  change 

of  level,  as  in  the  case  of  the  dirt-bed.     I  shall  not  trace  the 

subsetjuent  changes  that  have  taken  place  over  this  spot  on 

•  For  descriptions  of  the  remains  of  thia  crcalurc,  consult  Mautell,  Phi]. 
Traat.  1825,  and  lUuttratioiiH  ofTilgate  Forcit,  1827. 
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the  earth's  surface,  furlher  than  to  remark,  that  the  sea  again 
disappeared  (Isle  of  Wight),  and  fresli-waier  or  e$tuary  depo- 
sits succeeded*. 

Tliese  conclusions  can  scarcely  be  termed  hypothetical,  for 
they  appear  such,  however  remarkable,  as  may  be  considered 
honest  deductions  from  the  |)htt>nomcna  observed. 

The  extent  of  the  area  over  which  the  dirt-bed,  or  a  con- 
temporaneous ancient  soil,  may  be  traced,  is  very  remarkable, 
when  we  reflect  npon  llje  various  circumstances  wltich  must 
have  combined  to  preserve  such  a  surface  of  ancient  dry  land. 
Dr.  Fillon  notices  tin  earthy  bed  in  precisely  the  same  geolo- 
gical position  in  the  cliU'sof  the  Boulonnois,  and  also  in  Buck- 
inghamshire and  in  the  Vale  of  Wardour.  It  further  appears 
thai  silicifted  wood  is  ibund  in  the  bituminous  bed  from  Bou- 
logne to  Cap  Gris-iiezf. 

To  form  such  a  deposit  as  that  we  have  been  noticing  would 
be  a  work  of  time,  and  therefore  we  may  infer  tl)at  equivalent 
formations  were  taking  place  elsewhere,  the  great  operations 
of  nature  proceedinfr  In  iheir  usual  course.  The  fresh-water 
character  of  the  deposit  tan  only  be  considered  accidental  or 
local ;  precisi:ly  as  Jbrniations  at  the  present  day,  though  con- 
temporaneous, nuiy  be  cither  marine  or  lacustrine.  There- 
lore,  even  supposing  various  perpendicular  movements  in  Uie 
land  to  have  taken  place  extensively  over  certain  portions  of 
Europe,  it  does  not  Ibllow  that  they  sliould  have  produced  a 
constant  rise  of  that  land  above  the  surface  of  the  sea.  On 
the  contrary,  we  may  consider  that  such  movements  very  fre- 
quendy  caused  a  mere  change  in  the  relative  depth  beneaUi 
the  surface-water,  and  that  all  deposits  in  the  course  of  forma- 
tion, and  so  circumstanced,  partook  of  the  marine  character 
of  the  surrounding  aqueous  medium. 

The  observations  of  MM.  Graves |  and  l'assy§  leave  little 
doubt  that  beds  of  the  same  relative  age  with  the  Wealdcii 
rocks  occur  in  the  departments  of  the  Oise  and  Seine  Infe- 
rieure.  The  country  usually  known  as  the  Pays  de  Bray, 
which  runs  N.W.  from  between  Auneuil  and  Beauvais  to  and 
beyond  Neufchatel,  is  a  denudation  in  the  midst  of  the  great 
chalk  district  of  that  part  of  France,  extending  down  to  the 
beds  of  Kimmeridge  clay.  There  are  various  sandstones  and 
clays  above  the  Kimmeridge  clay,  and  beneath  the  chalk  and 
a  mass  of  tiie  green  sand  series,  containing  a  considerable 

•  For  further  observations  on  these  curious  facts,  accompanied  by  sections 
of  Portland,  Sic,  consult  a  memoir  on  the  Weyniouth  district  by  Dr.  Buck- 
land  And  myself,  Geol.  Trans.  2nd  series,  vol.  iv. 

f  FittoUj  Geologicnl  Sketch  of  the  Vicinity  of  Hastings,  1S33,  p.  76. 

X  Graves,  Precis  statist itjiie  du  Canton  d'Auncui]  (Oiw). 

}  Pnssy,  Dcscr.  G^ol.  de  la  Seine  Inferieure,  18.'52. 
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vep;etal>Ie  remains,  among  which  is  the  Lonchopteris 
\ManteUi,  weli  known  sis  fouixl  in  the  Hastitirrs  SniKisol"  Sussex. 
pXhere  woulil  also  appear  to  be  a  betl  or  heiJs  of  a  limestone 
'abuuridiiig  in  tlie  remains  ot"  Pnlttdiruc,  reminiling  us  of  similar 
I  beds  in  ttu;  Wealden  rocks  of  southern  England.     We  may 
Irgather  from  the  observations  of  MM.  Graves  and  Passy,  and 
-irotn  those  of  various  members  of  the  Geological  Society  of 
.France  who  assemble*!  at  Beauvais  in   September,    1831  *, 
•  that  though  these  Wealden  rocks  of  tlie  Pays  de  Bray  con- 
tain aUmuliint  terrestrial,  and  some  J'resh-water  remains,  there 
[.are  also  numerous  marine  remains,  characteristic  of  the  g^reen 
j-sond  series.     Dr.  Fitton,  who  also  notices  the  occurrence  of 
[contemporaneous  rocks  in  the  Boulonnois,  suggests  that  the 
I  Wealden  rocks  of  Sussex,  the  Boulonnois,  and  of  the  Pays  de 
fBray  may  have  been  formed  in  a  single  estuary,  the  area  in 
Ltliat  case  not  being  greater  than  that  now  occupied  by  some 
lehas.     He»   however,  at  the  same  time  remarks  that  this, 
though  a  plausible  explanation,  should  only  be  considered  as 
)rovisionalf.     It  certainly  by  no  means  follows  that  because 
deposits  should  contain  fluviatiie  shells,  and  are  of  the 
ime  age,   they  should  necessarily  have  been  produced  in  the 
tame  estuary,  even  when  the  shells  have  been  observed  within 
listances  which  might  admit  of  this  explanntion.     The  estu- 
J.Rries  of  the  Thames  and  Seine  arc  now  in  all  probability  the 
[tlepositaries  of  niineral  substances  antl  organic  remains  which 
[do  not  widely  differ,  and  consequently  in  some  future  state  of 
[the  world,  when  these  deposits  shall  liave  been  heaved  above 
[the  ocean  level  and  partially  covered  with  other  rocks,  they 
!  would  exhibit  similar  geological  characters. 

M.  Thirria  describes  a  considerable  superficial  deposit  of 
Itlay  with  pisiform  iron-ore  in  the  department  of  the  Haute 
j-Saone,  part  of  which  he  considers  referrible  to  the  green  sand, 
[•and  may  be  equivalent  to  the  Wealden  rocks.  Above  rocks 
|«rbich  seem  equivalent  to  the  Portland  beds  of  EnglantI,  there 
[are  strata  of  sand  and  clay,  apparently  the  denuded  remains 
[of  a  deposit,  once  more  extensive,  which  has  sufi'ered  aqueous 
jdestruction,  the  water  mixing  up  portions  of  the  removed 
iMrata  with  the  bones  of  Bears  and  Rhinoceroses;  so  that  the 
I  mass  upon  reconsolitlntion  much  resembles  the  mineral  ogicnl 
Icomposilion  of  the  original  betls.  The  loltowirig  is  a  section 
of  beds,  which  M.  Thirria  considers  as  in  place,  the  list  of 
[fossils  l>eing  increased  by  those  which  ho  discovered,  also  in 
[place,  in  the  department  of  the  Haute  Saone;  1.  Unctuous 
green  clay;  2.  Fine  and  slightly  argillaceous  yellow  snnti ; 
3.  Nodules  of  yellow  limestone  contained  in  greenish  clay  ; 

•  Bullinin  de  la  Sou.  fi^-olopiqiu^  do  Fraircc,  t.  ii. 
t  Fittun,  Cieolagical  bkclch  »f  llaitiiigs. 
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'^.  Yellow  and  slightly  argillaceous  sand;  5.  Greenish-yei 

and  unctuous  clay;    6.  Greenish  clay,  with  nodules  ofm 
limestone  and  grains  of  iron  ore;    7.  Pisiform  iron-ore,  c 
tained  in  an  ocnreous  clay,  with  Ammonites  binuSy  A.  p, 
costatOf  Sow.,  A.  coronatusy  Schlot.,  and  other  species ; 
twiVm  (new  species) ;  Ncrincca;   Cirrus;  Terebratula  coarctata. 
Sow.,  and  other  species;  and  Peniacriniles ;   8.  White  marl, 
with  nodules  of  greenish  clay  and  concretions  of  marly  lime- 
stone.    The  whole  forming  a  thickness  of  about  forty  feet,  and 
resting  on  beds  considered  equivalent  to  diose  of  Portland  *. 

The  extraordinary  mixture  of  fossils  contained  in  the  pia- 
form  iron  ore  is  commented  on  b}'  M.  Thirria,  who  further 
remarks  that  the  reniform  pieces  of  ore  sometimes  contain  the 
empty  casts  of  Jura  limestone  fossils. 

In  support  of  the  opinion  that  some  of  these  pisiform  and 
reniform  iron-ore  beds  are  of  contenijjoraneous  formation  witk 
either  the  Wealden  rocks  or  green  satid  and  chalk  of  England, 
we  may  cite  the  observations  of  Professor  Walchner  on  simi- 
lar beds  near  Candern  in  the  Brisgau.  He  remarks,  *'  thai 
the  reniform  and  pisiform  iron-ore  deposits  in  tlie  vicinitj-  of 
Candern  belong  to  two  formations  of  very  different  agf  s ;  one 
of  which  rests  on  a  compact  Jura  limestone,  apparently  cor- 
responding with  either  the  coral  rag  or  Portland  stone  of  the 
English.  It  is  composed  of  a  mass  of  sandy  clay,  containing 
reniform  iron-ore  in  the  lower,  and  pisiform  iron  in  the  upper 
part ;  and  at  the  same  time  spheroids  of  flint  (silex)  and  jasper. 
The  reniform  ores,  and  the  flints  which  accompany  them,  con- 
tain organic  remains  ;  the  former  of  Astreas  and  Ammonites, 
the  latter  of  Fectitics  and  spin^^s  qfCidaris.  The  whole  is  cover- 
ed with  the  solid  beds  of  conglomerate,  more  ancient  than  the 
molasse,  or  by  the  molasse  itself.  This  iron-ore  formation  may 
be  considered  as  one  of  the  last  of  the  Jura  limestone  (oolitic 
group),  and  it,  without  doubt,  closely  approaches  the  chalk; 
perhaps  it  may  be  like  the  green  sand,  intermediate  betw 
the  .Jura  limestone  and  the  chalk |." 

In  further  support  of  this  conclusion.  Professor  Walchr 
quotes  the  remarks  of  MM.  Merian  and  Escher,  on  parts 
the  Jura,  both  of  whom  describe  a  clay  with  pisiform  or 
form  iron-ore,  intermediate  between  the  upper  beds  of  the 
Jura  limestone  and  the  mohisse  (one  of  the  supracretaceous 
rocks  of  Switzerland) ;    but  being  sometimes  wanting,  so  that 
the  molasse  rests  directly  on  the  Jura  limestone.     M.  Meria^^ 
slates  that,  near  Aarau,  the  ferriferous  bed  sometimes  cod^f 

•  Tliirrift,  Notice  sur  le  Terrjiiii  Juras-siquc  du  D^partement  de  la  Haute 
S«one  ;  Mt'ni.  d«  l.i  Soc.  d'Hist.  Njit.  dc  Strasbourg,  toin.  i.  1830. 

\  Wnlcliner,  Sur  k'J«  Miiierjiis  do  Fit  pisiforme  et  r^nifumie  de  Candern 
en  BriBgau ;  ^I£m.  do  la  Soc.  d'Hist.  Nat.  de  Strasbourg,  torn.  i. 
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lins  large  angular  fragments  of  the  limestone  on  whicli  it  rest*;, 
also  nudules  of  Hint  and  jasper;  angular  fragmenu  ot  lliu 
>nner  containing  organic  remains,  which  are  the  same  as 
'those  detected  in  ilie  iron-ore  itself.  The  same  author  ob- 
serves, that  "  the  pisiform  ore  of  Aarnu  is  immediately  covered 
b}'  a  sandstone  and  bituminous  schist^  passing  into  lignite, 
which  sometimes  clearly  exhibits  a  woody  texture."  The 
schist,  and  its  accompanying  clays,  contain  an  abundance  of 
fossils,  among  which  Planorl/es  and  other  fresh-water  shells 
could  be  distinguished. 

M.  Brongninrt  notices  among  the  cretaceous  rocks  of  the 
Isle  d'Aix  and  the  embouchure  of  the  Charente,  a  marl,  which 
he  refers  to  the  Wealden  clay,  containing  nodules  of  amber, 

Eieces  of  lignite  and  silicvfied  wood,  in  which  holes,  formed 
y  some  perforating  animal,  nre  rephiced  by  agates  *.  The 
latter  fact  agrees  with  the  presence  of  pieces  of  silicified  wood, 
occasionally  of  large  size,  found  on  the  green  sand  of  Lyme 
Regis,  where  the  holes,  formed  by  some  perforating  animal, 
are  filled  with  chalcedony  or  agate; — both  examples  appear- 
ing to  show  that  the  wood  had  drifted,  and  remained  some 
time  in  the  sea. 

According  to  Professor  Piisch  there  is  a  ferriferous  deposit 

in  Poland,  situated  between  the  Jura  limestone  and  the  cre- 

Kceous  rocks,  which  may  be  considered  as  the  equivalent  to 

fthe  Weald  clay  and  iron  sand  ( Hastings  Sands)  of  England, 

I  The  following  is   Prof   Pusch's  account  of  these  beds,  whicli  i 

[is  too  valuable  to  be  abridged  :  "  It  tills  the  vnlleys  (in  Puiand) 

'of  Czarna  Przerasa  as  fur  as  Siewirz,  that  of  Mastoiiica,  that ' 

of  the  Wartha  from  its  origin  at  Kromolow  towards  Czensto- 

chau,  and  of  the  Li/iwarta;  extending  across  Higher  Silesia 

[lo  the  Oder,  and  running  up  this  river  to  the  country  of 

Ribnyk.     It  is  composed  of  horizontal  beds,  often  ahonnting 

and  of  little  continuity,   of  a  slightly  calcareous  and  schistose 

rClay,  either  blue  or  %'aricguted,  named  knrzaw/ca;  ofasili'^ 

jceous,   quartzose,   and  compact  conglomerate;    of  a   brown 

[ferriferous  sandstone;   of  beds  of  loose  sand,  and  of  thin  beds 

of  white  or  variegated  marly  limestone.     In  the  country  of 

Kromolow,   Porcuiba,  and  Siewirzce,  this  formation  contains 

horizontal  beds  from  six  inches  to  fourteen  feel  in  thickness, 

of  a  coarse  coaly  substance  {moorkohl),  often  accompanied 

with  bituminous  wood  and  much  pyrites.     This  combustible 

is  little  worked,  as  the  deposit  occurs  in  marshy  valleys,  luit 

the  want  of  wood  may  render  it  useful  in  the  country  between 

Pelica  and  C/enstochau.     From  Siewirz,  the  carbonaceous 

beds  lose  themselves  on  the  north.      Faint  traces  of  them  are 

•  Tab,  dw  Terrains,  ji.  218. 
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found  round  C^enstocfaau,  Krzepice,  and  Klobucho;  whi! 

the  unctuous  and  blue  schistose  clays  are  largely  developed  in 
these  countries,  with,  as  on  the  top  of  the  carbonaceous  de- 
posits, numerous  beds  of  iron-ore,  consisting  of  ranges  of 
spheroidal  noduJes  of  compact  argillaceous  iron-ore,  contuio- 
ing  luimerous  Ammonites,  (especially  Ammonites  bi/urcalutf) 
and  bivalves,  of  the  genera  Cardium,  Veiius,  Trigonia,  San- 
guinoiaria^  &c.,  fossils  which  partly  correspond  wiili  ihose  of 
the  Jura  limestone.  Tliis  ferriferous  deposit  abounds  near 
Panki,  near  Krzepice,  between  this  point  and  Wielun,  and 
on  the  north  of  Upper  Silesia.  It  furnishes  iron  for  the  foun- 
dries of  Poremba,  Miaczow,  Panki,  Zarki,  and  various  places 
in  Silesia,  producing  50  per  cent,  of  iron.  A  brown  ferrugi- 
nous sandstone,  agglutinated  by  hydrate  of  iron,  covers  the 
blue  schistose  clays,  especially  round  Kozieglow,  Panki,  auJ 
Prauska  *." 

The  reader  will  at  once  perceive  the  great  resemblance  of 
this  ferriferous  deposit  to  that  above  noticed  in  the  Jura; 
such  resen]blance  being  heightened  by  the  occurrence  of  or- 
ganic remains,  of  which  Ammonites  constitute  a  portion,  in 
the  iron-stone  nodules  of  both  situations.  There  would  appear 
to  be  little  difficulty  in  considering  this  deposit,  with  M.  Pusch, 
as  the  equivalent  of  the  Wealden  rocks  of  England,  showing 
that  where  local  circumstances  did  not  interfere,  and  the  de- 
posit continued  to  be  effected  beneath  the  sea,  its  zoological 
character  marked  a  certain  connexion  with  the  oolitic  group; 
tlie  species  of  animals  existing  during  the  formation  of  at  least 
a  portion  of  the  latter  rocks  not  being  suddenly  cutoff:  thus 
exhibiting  a  zoological  passage  of  the  oolitic  into  the  cretaceous 

f 'roups,  when  local  circumstances  did  not  interfere,  as  they 
mve  done  on  the  south-east  of  England,  it  is  remarkable 
that,  notwithstanding  the  different  character  of  tlie  organic 
remains,  apparently  entombed  in  beds  of  the  same  age,  which 
would  seem  to  point  out  deposits  in  different  waters,  iron-ore 
should  be  so  common  in  the  Wealden  rocks  of  England,  the 
Jura,  and  Poland. 

When  the  u|)per  beds  of  the  oolitic  series  formed  dry  land, 
and  sustained  vegetation  in  southern  England,  it  seems  rea- 
sonable to  conclude  that  many  parts  of  the  land  now  consti- 
tuting Europe  were  similarly  circumstanced ;  and  tlierefore 
contemporaneous  deposits  of  various  characters  may  have  been 
produced  in  different  situations;  some,  by  the  nature  of  their 
organic  remains,  marking  the  presence  of  large  lakes,  or  the 
embouchures  of  considerable  rivers : — in  fact,  a  state  of  things, 
during  which  there  was  a  mixture  of  dry  land,  fresh  waters, 
and  sea  in  this  part  of  the  globe.     Some  cause,  with  which  as 


■  I'uBch,  Journal  dc  Geologic,  t.  ii. 
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yet  we  are  imperfectly  acquainted,  subsequently  produced  a 
great  change  in  the  relative  levels  of  sea  and  land,  and  the 
cretaceous  rocks  (chalk  and  green  sand)  became  deposited  over 
a  very  considerable  area,  one  apparently  extending  over  a 
much  larger  superficies  than  that  in  which  the  last-formed 
rocks  of  the  oolitic  series  were  deposited. 
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OOLITIC  GROUP. 


Stm. — OoUle  formal  ion,  Engl,  authors ;    Calcaire  de  Jura,  Catcaire  Jura*- 
lique,  rr.  authors;  OolithenbUduny,  JiiraAaUk,  Germ,  authors.        ^ 


This  group  is,  in  the  southern  parts  of  England,  composed 
of  various  ahernutions  of  clays,  sauctstones,  marls,  and  lime- 
stones ;  matiy  of  the  latter  being  oolitic,  whence  the  name 
oolitic  scries.  At  a  very  early  period  in  the  histor}'  of  English 
geo!o{»y,  Mr.  William  Smith  affixed  names  to  various  portions 
of  this  series,  many  of  which  are  still  employed  by  the  geolo- 
gists of  Europe.  .Several  of  the  divisions  and  subdivisions  are, 
undoubtedly,  very  urbitrary,  and  j>erhaps  separate  those  things 
tlieoretically  wliich  nature  has  united ;  but  their  convenience 
seems  proved  by  their  very  general  adoption.  la  consequence 
of  three  great  clay  or  mar)  deposits  appearing  to  divide  tlie 
series  in  the  soutli  of  England  into  three  natural  groups,  Mr. 
Conybenrc  has  separated  il  into  three  systems,  as  follows,  (ibe 
Purbeck  beds  only,  for  reasons  before  assigned,  being  omil- 
ted):    1.  Upper  system,  containing,  in  the  descending  order, 

a.  Portland  oolite;  b.  calcareous  sand  and  concretions;  c.  an 
argillo-calcareous  deposit,  named  Kiinmeridge  clay.  2.  Mid* 
die  system,  a.  coral  rag,  and  its  accompanying  oolites  ;  b.  cal- 
careous sand  and  grit;  f.  Oxford  clay.  3.  a.  Calcareous 
strata,  (sometimes  divided  by  clays  or  marls,)  named  coni- 
l>rash,  forest  marble,  great  or  Baih  oolite,  and  inferior  oolite^H 

b.  calcareo-siliceous  sands,  usually  tenned  stinds  of  the  iiiferid^f 
oolite  ;  c.  an  argillo-calcareous  deposit  nunied  lias. 

These  three  principal  divisions,  marked  by  argillaceous  de- 
posits, have  been  traced  lo  various  distances,  though  their 
subdivisions  have  not  been  so  readily  identified.  The  extent 
to  which  a  few  fossil  shells  of  each  division  can  be  observed,  is 
also  deserving  of  attention. 

Mr.  Phillips  distinguishes  this  group  in  Yorkshire  into, 
a.  Kimmeridge  clay ;  b.  ujiper  calcareous  grit ;  c.  coralline 
oolite;  d.  lower  calcareous  grit ;  e.  Oxford  day  ;  Ji  Kelloway 
rock  (a  name  given  to  stony  portions  of  the  Oxford  clay,  near 
Kelloway  Bridge  in  Wiltshire);  n^.  cornbrash  limestone; 
h.  upper  sandstone,  shale,  and  coal ;  /.  impure  limestone  (Bath 
oolite);  It-,  lower  sandstone,  shale,  and  coal;  /.  ferruginous 
beds  (inferior  oolite) ;  m.  upper  lias  shale;  n.  mnrlstone  series ; 


liTid  c,  lower  lias  shale.  It  will  be  observed  that  these  divt>>ions 
Jo  not  very  materially  differ  from  those  of  the  southern  parts 
)f  England,  except  in  the  presence  of  certain  shales  and  sand- 
>nes  containtDfT  coal,  above  and  beneatli  a  bed  considered 
cjuivalent  to  the  Bath  oolite.     These  carbonaceous  beds  are 
ited  to  have  a  collective  thickness  of  700  feet,  the  supposed 
epresenLatJve  of  the  Badi  oolite  being  abstracted. 
We  are  indebted  to  Mr.  Lonstlale  tor  a  detailed  and  highly 
lYaluable  account  of  the  oolitic  district  of  Bath,  a  district  which, 
indejiendently  of  other  considerations,  must  always  be  inter- 
esting to  British  geologists  from   having   been  the  scene  of 
Mr.  William  Smith's  early  labours,  and  a.s  having  long  con- 
"^lituted  the  type  to  which  geologists  directed  their  attention, 
rhen  describing  the  oolitic  series  of  Western  Europe.     M  r 
)nsdale  divides  the  group  into  :  a,  Kimmeridge  Clay  (thick- 
ess  unknown);  by  Coral  Rag,  subdivided  into  Upper  Calca- 
Bous  Grit,  Coral  Rag,  and  Lower  Calcareous  Grit  {in  all  190 
ISO  feet) ;  c,  Oxford  Clay,  based  on  the  calcareous  sandstone 
lamed   Kelloway   Rock  (thickness  unknown);  d,  Cornbrash 
thin  bed);  e.  Forest  Marble  (100  feet)  ;^  Bradford  C!ay, 
rhich  the  author  remarks  .should  be  united  with  the  Forest 
tarble  (40  to  60  feet);  g^  Great  Oolite  (40  to  125  feel);  A, 
''uller's  Earth  (about  140  feet);  i,  Inferior  Oolite  (1.30  feel); 
,,  Marlstone;  /,  Lias  (280  to  990  feet)*. 

By  a  rigorous  examination  of  the  beds,  from  the  marlstone 

I  the  cornbrash  inclusive,  in  Gloucestershire,  the  same  author 

ras  enabled  to  point  out  several  importneit  modifications  of  the 

}litic  rocks  of  the  Biilh  district,  even  within  that  distance.  It 

remarked  that  in  the  South  of  Gloucestershire  the  inferior 

Ibolite  "consists  of  nearly  equal  divisions  of  soft  oolite  and 

[llightly  calcareous  sand ;  but  in  the  northern  part  of  the  county, 

le  latter,  fur  the  greater  part,  is  replaced  by  a  yellow  sandy 

rKmestone.     The  freestone  beds,  which  are  iu>t  to  be  lithologi- 

[eally  distinguished  from  those  of  the  Great  Oolite,  gradually 

'icrease  in  number  and  thickness,  from  the  neighbourhood  of 

Jath  to  the  Coiteswolds,  east  of  Cheltenham,  where  they  con- 

titute  the  whole  of  the  escarpment.     This  vertical  importance 

;  retained  through  the  north  of  the  country  examined  ;  but  to 

le  eastward  of  the  valley,  ranging  from  Stow-on- the- Wold  to 

irrington,  near  Burford,  a  change  takes  place,  both  in  the 

ruclure  and  thickness  of  the  formation.     The  freestone  beds 

there  replaced  by  strata  of  nodular  coarse  oolite,  contain- 

ig  numerous  specimens  of  Cb/petis  sinnatus  ;  the  sandy  por- 

kion  consists  of  only  a  thin  bed,  and  tlie  thickness  of  the  whole 

)nnation  is  diminished  from  150  to  50  feetf."     Other  impor- 

•  Loiiiidalc,  fJpol.  Trims.,  2nd  scrips,  vol.  iii. 

t  Lonsdale,  I'roci-edings  of  the  Gcol.  Soc,  Dtc.  1832. 
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tant  clinnjjes  are  remarkeil  in  the  Fuller's  Earth,  Great  Oof 
and   Corn  brash,  tending  to  show  the  variable  nature  of 
oolitic  subdivisions,  even  in  short  distances. 

In  his  memoir  on  the  Bath  tlistrtct,  Mr.  Lonsdale 
points  out  the  tliinning  off' of  the  Bath  ooHte  in  the  vicinity 
Norton,  by  which  tire  Bradford  Clay  and  Fuller's  Earth  ar 
brought  into  contact  *.  To  this  it  vnay  be  added  that  the  Bat 
Oolite  is  no  more  seen  to  the  southward  in  Enjjlaird:  a  ihic 
bed  of  clay,  probably  the  conliiiuatton  oJ'  the  two  clays  aboi 
notice<l,  sepurating  the  Forest  Marble  from  the  Inferior  Ooli 
in  Dorsetshire. 

The  same  author,  in  his  memoir   on  the  Gloucestershir 
oolites,  establishes,  by  a  close  comparison  of  the  lower  part  of 
the  Great  Oolite,  us  it  exists  al  Burford,  with  the  Stonesfield_ 
slate,  so  celebruted  tor  its  organic  contents,  that  tlie  latter,  ii 
stead  of  bein<f  subordinate  to  the  Forest  Marble,  is  referril 
to  the  lower  part  of  the  Great  Oolite.     Now  this  is  a  vef 
important  correction  of  an  error,' inasmuch  as  all  conclusiot 
at  which  we  might  previously  have  arrived,  in  our  endeavoui 
to  trace  the  circumstances  under  which  a  particular  part  of  til 
deposit  might  have  been  ibrmed,  would  have  been  vitiated, 
supposing  the  Stonesfietd  slate  to  occupy  one  portion  of  tl 
series,  when  it  really  occurs  in  another. 

The  oolitic  series  of  Normandy  presents  a  close  analoji 
in  its  general,  and  even  in  some  of  its  minor  divisions,  wit 
those  ot  southern  England.  Commencing  with  the  vicinity  of 
Havre,  and  extending  our  observations  to  the  C^otentin, 
find  the  following  series  :  o.  Kimmeridgeclay,  in  which  certf 
sandstones  named  Glos  sandstoties  are  subordinate;  b.  lim« 
stone  otul  oolitic  beds,  referrible,  from  their  geological  an^ 
zoological  characters,  to  the  coral  rag;  c.  a  ferruginous  and 
calcareous  sandstone ;  d.  Oxford  clay ;  e.  a  series  of  beds,  ii 
eluding  the  well-known  Caen  stone,  and  representing  the  fore 
marble  and  great  oolite  ijl  inferior  oolite;g^.  liasf.  M.  Boblaye 
divides  the  oolitic  series  of  the  norlli  of  France  as  follows^  :  a, 
betis  referrible  to  the  coral  rag^  (the  highest  of  the  oolitic  serie 
in  the  district);  b,  n  sandy  and  ferruginous  oolite;  c.  a.  series  i 
beds  representing  the  corn  brash,  forest  marble,  and  great  oolit 
(I.  ferruginous  limestone,  micaceous  marls,  and  sandy  lini^ 
stones,  eijuivalent  to  the  inferior  oolite  and  its  sands;  e,  lis 


•  Lonsdale,  Cieol.  Trans.  2nd  spries,  vol.  iii.  p.  254,  wliere  there  u  also  i 
section  representing  the  iTmnner  in  wliith  the  Huth  onlite  tiues  otF. 

f  De  la  Bcche,  Geo).  Triius.  voL  i.  IH'I'I;  Dc  Caumoiit,  KsAitiiiir  la  To 
griiphie  G£-og.  tlu  Calvados,  IS23  ;  Hirautt,  Tableau  dcs  Trrmius  du  Cal\ 
do8,  Ca«>ii,  1832. 

I  HoblAve,  Sur  la  Form.  Jurauique d.ana  le  Nurd  de  la  France;  Ann. 
Sci.  Not.  it»29. 
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Burgundy,  M.  Eiie  de  Beaumont,  who  has  remarketl  on 

the  constancy  of  tlie  geolofficiil  IhcIs  observable  in  the  oolitic 
belt  of  the  great  geolo^jical  basin  which  contains  London  and 
Paris,  has  found  beds  which  lie  considers  referrible  to  those  of 
Portland,  beneatJi  which  is  a  marly  limestone  with  the  Gryphtea 
Virgitla,  a  remarkable  shell  of  the  Kimmeridge  clay,  particu- 
larly in  France.  These  beds  are  succeeded  by  compact  earthy 
or  oolitic  limestones,  benenth  which  is  gray  marly  limestonCf 
supposed  equivalent  to  the  Oxtbrd  Clay,  This  is  followed,  in 
the  descending  order,  by  a  series  of  oolite  and  other  beds,  be- 
neath which  there  is  a  limestone  remarkable  tor  containing  an 
abundance  oi  Enfrochi,  and  considered  equivalent  to  the  infe- 
rior oolite,  under  which  are  rocks  corresponding  with  the 
lias*. 

M.  Tliirria  describing  the  oolitic  series  of  the  department  of 
the  Haute  Saone,  where  it  constitutes  the  north-western  limits 
of  llie  Jura,  notices  the  following  beds  (the  lias  being  excluded 
from  the  list  accoi-dinff  to  the  views  of  some  of  the  continental 
geologists) : — a.  iidisnor  oolite,  composed  of  various  limestones, 
oolitic,  sublaniellar,  lamellar,  and  compact,  reddish,  gray,  and 
yellow;  some  of  the  beds  being  studded  with  Eniroc/ii,  or  joints 
of  Crinoidea.  One  bed  is  remarkable  for  oolitic  hydrate  of 
iron,  so  abutidant  as  to  be  worked  for  profitable  purposes  at 
Calraontiers,  Oppenans,  Jussey,  and  other  places;  b.  a  yellow 
marl,  considered  equivalent  to  the  Fuller's  earth  of  the  English 
(two  yards  thick);  c.  great  oolite,  composed  of  oolitic  beds, 
containing  among  other  shells  Osirca  acuminata  and  Avicula 
echinala  ;  d.  limestones  with  much  red  oxide  of  iron,  schistose, 
suboolilic,  or  compact,^  considered  equivalent  tolbrest  marble; 
e.  marly  limestone,  gray  or  yellowish,  full  of  oolitic  grains, 
supposed  equivalent  to  the  cornbrash  of  England  ',/,  schistose 
blackish  gray  marls  with  marly  limestone,  resting  on  gray 
schistose  maris  containing  oolite  grains  of  hydroxi<le  of  iron, 
worked  for  profitable  puqioses  in  the  districts  of  Orrain  and 
Saguenay.  The  whole  of  this  subdivision, yj  is  based  on  dark 
gray  and  schistose  argillaceous  limestone,  and  contains  many 
fossils,  particularly  in  the  ferruginous  oolite,  among  which  is 
Grypheea  ddataia^  a  very  characteristic  shell  of  the  Oxford 
clay,  to  which,  and  to  the  Kelloway  rock,  the  whole  is  reli^rred; 
g.  a  series  of  clay  and  limestone  beds,  the  latter  mostly  oolitic; 
the  upper  part  containing  Corals,  and  the  lower  portion  num- 
bers of  NerhuCiEi  the  whole  considered  equivalent  to  the  coral 
Tag;  /i,  gray  marls  and  marly  limestone,  based  on  compact 
gray  limestone,  the  latter  containing  abundant  remains  of 

•  Elie  de  Bt»atiiiioiit,  Note  sur  riiniformitf  qui  rffrne  dang  la  congLitution 
■  de  la  Ceiiiture  Jurassique  qui  conipreud  Londres  ct  Paris; — Ann.  de«  Sci. 
iKat.  1829. 
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AstarUf  while  the  other  parts  present  the  Gryphcca  VirgtdaT 
these  marls  are  consequently  referred  to  the  Kimmeridge  clay; 
J.  various  limestone  beds,  principally  of  a  gray  colour,  some- 
times whitish  and  yellowish,  at  others  of  a  deeper  tint,  consi* 
dered  equivalent  to  (he  Portland  stone*. 

M.  Timrman  divides  the  oolitic  series  of  the  central  part  of 
the  Jura,  named  the  Porrentry  (the  ancient  Eveche  de  Basle, 
and  the  present  Bernese  Jura)  into  groups  similar  to  those 
which  have  been  formed  in  Normandy  and  southern  England. 
a.  fine  oolites  and  various  compact  limestones  (considered 
ec{uivalent  to  Porlhind  stone),  ^5  feet;  b.  yellowish  marls  and 
marly  limestones  with  Gryphfca  Virgnla  (Kimmeridge  clay),  50 
feet;  c.  compact  liniestone,  with  Astarte  minima  (Phil.),  100 
feet;  d.  compact  or  cretaceous  white  limestone  with  NereneecEf 
65  feet;  c.  oolitic  and  pisolitic  limestone,  G5  feet;^  compact 
gray  polypilerous  limestone,  18  feet  (c,  J,  ?,  antl^  are  regarded 
as  ecjuivalent  to  coral  rag);  g.  marly  and  sandy  limestones, 
with  the  concretions  named  chailles  (calcareous  grit),  75  feet^.^ 
h.  blue  maris,  smoke  gray  compact  limestones,  and  ferrugLnoi 
oolite  (Oxford  clay),  50  feet;  x.  oolitic  lumachella  limestonf 
20  feet;  k.  reddish  sandy  limestones  and  marls,  30  feet;  /.  fir 
grained  oolite  (considered  equivalent  to  the  great  oolite),  18" 
teet ;  m.  marls  and  suboolttic  limestone,  with  Ostrca  acuminata 
(Fuller's earth),  13  feet;  n.  subcompact oolite,  120  feet;  o.  fe 
ruginous  oolite,  20  feet  (n,  and  o,  considered  ns  equivalent 
the  inferior  oolite) ;  p.  reddish  green  and  micaceous  sandstor 
aiid  marls  (marly  sandstone),  IS  feet.  The  whole  based 
lias.  M.  Thurnian  observes  that  the  thickness  of  the  roc 
here  enumerated  is  often  more  considerable,  and  points  out  thf 
Mont  Terrible  as  exhibiting  an  excellent  section  of  nearly  the 
whole  seriesf. 

M.  Dufrenoy,  in  his  remarks  on  the  rocks  of  this  age  whi< 
occur  in  the  south-western  parts  of  France,  divides  the  oolit 
group  into  three  distinct  systems;  adjnitting,  however,  at  the" 
same  time,  that  these  divisions  are  not  well  pronounced,  the 
beds  ivhich  apparently  correspond  with  the  Oxford  and  Kir 
mertdge  clays  being  replncetl  by  marly  limestone.    He  furtli< 
observes,  that   "the  numerous  subiiivisions  noticed   by   tl 
English  geologists  are  but  very  imperfectly  seen  in  the  secon*' 
darv   basin  under  consideration;   some,   nevertheless,   being 
suJlicienlly  constant.'*     The  lower  portion  rests  on  lias,  and 
composed  of  micaceous  marls,  with   Gryp/uca  Cifmbium^  Be 
levmiteSf  and  other  shells,  which,  as  he  observes,  may  be  re- 
ferred to  the  sands  of  the  inferior  oolite.     There  are  beds  of 

•  Tbirrin,  Notice  sar  le  Terrain  Jurnssique  du  D^partement  de  U  Haute- 
Saotie;  Mim,  de  la  Soc.  d'Hist.  Nat.  de  Straabuurg,  1830. 

f  Thunnait,  Essai  sur  les  Souluveuiena  Jununiqucii  du  Porrentry,  1832. 
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;  with  oolitic  iron,  and  oolites,  considered  equivalent 
to  the  Bath  oolites,  the  latter  only  well  developed  at  Maunac, 
Aveyron.  This  lower  division  is  represented  as  of  consider- 
able thickness.  Above  this  there  is  a  system  of  marly  lime* 
stone  beds,  in  some  places  associated  with  considerable  masses 
of  poly7)ifers  and  thick  beds  of  irregular  and  earthy  oolite 
(Marthon,  forest  of  la  Braconne,  and  other  places).  M.  Du- 
fr^noy  infers,  from  the  great  abundance  of  the  corals,  the  pre- 
sence of  the  oolite  and  many  fossils,  that  these  beds  are  equi- 
valent to  the  coral  rag  and  Oxford  oolite.  Upon  this  system, 
rests  another,  composed  of  marls  and  marly  limestone,  abound- 
ing in  the  Gri/phtca  Virgulay  supporting  an  oolite  (from  the 
environs  of  Angouletne  to  the  ocean),  in  which  this  pryphite 
is  also  found.  These  rocks  are  referred  to  the  Kimmeridge 
clay  and  Portland  oolite  respectively,  nnd  are  stated  to  be 
suTinounted  by  rocks  of  the  cretaceous  group*. 

It  would  thus  appear,  that  throughout  a  considerable  por- 
tion of  France  and  England,^  and  in  the  Jura,  the  causes  which 
have  produceil  the  deposit  of  the  oolitic  group  have  not  varied 
materially.  Before,  nowever,  we  attempt  any  remarks  on  this 
apparent  uniformity  of  mineralogical  structure  over  a  consi- 
derable area,  it  will  be  necessary  to  present  a  sketch  of  this 
deposit  in  Scotland,  Germany,  and  Sweilen. 

Our  knowledge  of  the  oolitic  group  of  Scotland  is  more  par- 
^cularly  due  to  Mr.  Murchison.  The  coal  deposit  of  Brora, 
■l  Sutherlandshire,  has  been  sliown  to  correspond  with  the 
^■rbonaeeous  series  of  Yorkshire,  descritied  by  Mr.  Phillips 
ps  occurring  between  the  inferior  oolite  and  cornbrash,  and 
including  in  its  central  part  a  rock  considered  equivalent  to  the 
tath  or  great  oolite.  In  the  vicinity  of  Brora  there  would 
jpear  to  be  various  sandstones  and  shales,  contiiining  coal 
id  vegetable  imfiressions.  The  freestone  of  Braambury  and 
[are  hills  is  described  as  coveretl  by  a  rubbly  limestone,  "an  ag- 
"gregate  of  shells,  leaves,  stems  of  plants,  lignite,  &c."  Mr.  Mur- 
chison considers  the  organic  remains  of  this  bed,  and  the  casts 
the  freestone,  as  referrible  to  such  as  occur  in  the  lower 
irt  of  the  coral  rao.  At  Dunrobin  Castle  calcareous  sand- 
les  are  succeeded  by  beds  of  "pebbly  calciferous  grit," 
Covered  by  shale  and  limestone  with  fossils.  Other  varieties 
of  this  oolitic  deposit  occur  on  this  coast,  which  consists,  in 
Hbe  descending  order,  of  rubbly  limestone,  white  sandstone  and 
Hiale,  shelly  limestone,  sandstone,  shale,  and  limestone,  with 
Slants  and  coul,  considered  the  same  with  the  Yorkshire  car- 
4onaceiius  deposit. 

This  oolitic  deposit  is  not  confined  to  the  main  laud  of  Scot* 

*  Dufr^noy,  Annalcs  dea  Mines,  torn.  v.  1829. 
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land,  but  is  found  in  the  Hebrides.     According  to  Mr.  Mur- 
chison,  it  occurs  at  Benl  near  Portree,  Sky,  the  higher  part 
presenting  a  calcareous  ngglomerate  of  fossils,  resembling 
many  portions  of  the  English  cornbrash  and  forest  marble:  i^i 
is  identical  with  the  shelly  limestone  of  Sutherland,  above  n^^| 
liced.     At  Holm  the  sandstone  rises  to  a  considerable  heigl^^ 
from  beneath  the  limestone-     Impressions  of  plants  are  found 
in  the  sandstone  on  the  north-east  of  Holm.    Near  Tobermory 
in  Mull,  sandstone,  considered  as  equivalent  to  that  of  the  in- 
ferior oolite,  rests  on  lias,  containing  the  Gryphtea  incumL 
It  also  appears  that  rocks  of  the  oolitic  series,  including  lias, 
occur  in  other  parts  of  Mull,  the  opposite  coast  of  Ross-shire, 
and  in  the  islands  of  Rasay  and  Pabbla,  often  cut  and  covered 
by  trap  rocks*. 

M.  von  Decken  observes,  that  the  oolitic  group  of  northern 
Germany,  which  occurs  extensively  from  Bramsche  on  the 
Haase  to  Minden  on  the  Weser,  and  thence  to  the  country  I 
near  Hildesheim  and  Eimlreck,  as  also  northwards  of  the  Hartz  I 
between  Wolfenbuttel  and  Helmstadt,  approaches  in  its  cha- 
racters to  the  same  series  of  Yorkshire  and  some  parts  of  Scot- 
land. Marls  and  sandstones  predominate,  and  the  oolitic  lime- 
stones are  confined  to  subordinnte  beds.  Beds  of  coal  accos 
pany  the  sandstone,  and  are  worked  for  economical  purf 
more  particularly  at  Obernkirchen  (BUckeburg). 

The  connexion  of  the  upper  part  of  this  group  with  thei 
perincumbent  cretaceous  series  is  not  clearly  seen,  and  fix« 
points  are  wanting  to  compare  it  with  the  English  divisior 
The  inferior  division,  the  lias,  is  on  the  contrary  well  develope 
The  black   bituminous  marls  contain  layers  of  bituminon 
limestone,  and  the  niurl  itself  is  in  some  places  (Essen,  Osr 
burg ;  Ostercappeln )  used  for  slate  pencils.    A  thick  snndstot 
bed,  of  a  dark  brown  colour,  and  traversed  by  stripes  of  brov 
iron  ore,  rests  ujion  the  lias  in  the  countries  on  the  Weser. 
contains  beds  of  dark  gray  slate  clay,  in  which  are  nodules  of 
oolitic  brown  ironstone,  and  may  be  consideretl  as  the  lowest 
member  of  the  inferior  ooiitc.     Above  this  there  is  an  oolitic 
limestone  (in  the  Weser  chain,  eastwards  of  Hildersheim,  Itb, 
and  Lauenstcinberge),  which  is  at  first  sandy,  and  then  contains 
veins  of  chalcedony  and  chert.     There  are  also  beds  of  dark 
slate  clay,  marl,  and  yellow  brown  sandstone,  which  sometimes 
resemble  grauwacke  and  the  quartz  rock  associated  with  it. 
The  latter  predominates  from  LUbbecke  to  Bramsche.     M. 
von  Decken  remarks,  that  il  is  by  no  means  decided  to  whit 
partoftiie  English  series  this  mass  of  rock,   700  feet  thiol 
should  be  referred,,  and  that  probably  the  various  opinions ' 

*  MurcUison,  Qeol.  Trans.  2nd  series,  tdI.  ii. 
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head  can  only  be  settled  by  an  accurate  examination  of 
lie  (osmIs  contained  in  it.  If,  liowever,  it  be  assujned  that 
le  sandstone  and  coal  of  Obernkirclien  and  Biihihorst,  cor- 
fspond  wiih  the  ooliiic  coal  of  Yorkshire,  lliis  mass  of  rock 
irouid  answer  to  that  part  uf  the  English  series  comprised 
between  the  inferior  oolite  and  the  upper  part  of  the  great 
oolite. 

Above  this  limestone  formation  there  rests,  at  Biildhorst  and 
the  Biickeberg,  a  mass  of  black  nun  [  400  feet  thick ;  then  sand- 
stone, 'JOO  feet  thick,  conlainiii^r  beds  of  coal,  surmounted  by 
black  slaty  marl,  covered  by  sanil  and  loose  gravel.  On  the 
I)ei>ter  and  Osterwald,  the  schistose  mart  above  noticed  is 
wanting,  ami  the  sandstone  rests  iajniediately  on  the  oolitic 
limestone.  Tlie  series  of  beds  between  Uvese  last  rocks  of  the 
oolitic  ^roup  and  tlielias  seem  nowhere  iaterrnpted  in  northern 
Germany,  Pursuing  the  comparison  with  the  oolite  coal  of 
Yorkshire,  the  schistose  marl  above  noticed  (the  highest  mem- 
ber of  the  oolitic  group  of  the  Weser  chain,)  shoidd  be  con- 
rered  equivalent  to  the  Oxford  Clay*. 
The  oolitic  series  of  souihurn  Germany  forms  the  immediate 
continuation  of  die  Swiss  Jura  towanls  the  N.E.,  cut  through 
by  the  Rhine  at  SchalVhausen.  These  rocks  extend  to  isieg- 
maringen  on  the  Danube,  from  whence  they  follow  the  left 
side  of  the  valley  of  that  river.  They  constitute  tlic  plateau 
known  l)y  the  name  of  the  Swabian  Alps,  The  oolitic  group 
extenils  nyrihwaids  from  Ratisbon  to  the  Elaine,  to  lianz, 
Lichtenfels,  Stairelsieiii,  and  in  detached  portions  to  Coburg. 
On  the  east  of  this  range  the  older  strata  rise  on  the  slopes  of  the 
Bbhmerwald  and  Fichtelgebirge.  Some  dltficulty  has  attemlei 
the  comparison  of  these  rocks  with  the  English  and  French 
divisions  of  the  ooliiic  group.  The  lias  is  so  completely  de- 
veloped, and  so  similar  to  that  in  Englaiul,  that  its  identity  has 
long  been  placed  beyond  all  doubt.  Several  ilivisions  may  be 
observed  in  it,  characterized  by  their  organic  remains.  The 
lower  portion  contains  numerous  beds  of  limestone,  and  among 
^  other  organic  remains  the  iiryphiva  inatrva,  Sow.  Above  this 
Heposes  aluminous  marl,  an(l  dark  smoky  marl,  remarkable 
'  for  the  prodigious  number  of  Bdanuitcs  discovered  in  it,  as 
also  lor  containing  the  GrypJuca.  O/m/jium,  Lam,  These  arc 
surmounted  by  black  shales,  with  Fu&idonicE^  Fishes,  and  Sau- 

•  M.  Hoft'iiiiin  (Ucbersiclit  der  orog.  nml  gcngii.  VerhaUniss  cvoin  N.W. 

)i'Utscijlan<l,)  compares  this  niarl  to  the  Weald  t liy,  the  K.uidstoiies  witli 

il  of  the  UliokcLcrgto  the  Hasting  Sands,  and  tL'ririiii:iles  ihp  oolitic  grotiji 

IPiUi  ilie  inui  1  bi'iieatli.     Tlie  Kuhlenberp  near  F.iflite  (orj  the  N.W.  Hfiiik  of 

rtz.j  uliot'd.s,  liiiwover,  ^uHicicnt  proof  of  tliu  ajfo  ot"  these  Dedi.   Many 

|«orr«iipuud  with  (huso  of  the  coral  ro^,  while  some  are  referribli:  to  ilio 

nrridge  rlay  and   Portland  stone.     Von  IJcclien,  Oerrnoa  TrnnsK  of 

^Vaniuil. 
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rians.  The  sandstone  with  clay  iron-stone  at  Aaien  and  Was- 
seralfingen,  has  been  sometimes  considered  as  forming  [Hirtof 
the  lias;  it  has,  however,  been  shown  by  Count  MUnitter  to 
represent  the  inferior  oolite  of  England*.  The  mass  of  the 
compact  lii^'ht-coloiii'ed  Juia  limestone  succeeds,  but  from  the 
want  of  mnrked  diiferencus  in  the  compactness  of  the  strata, 
sharp  escarpments  do  not  ticcur.  Ciitcareoiis  sandstone,  with 
a  bed  of  blue  clay,  rests  on  the  ferruginous  oolite  of  Wasse- 
ralfingen.  This  may  comprise  the  rocks  of  the  English  series 
up  to  the  Kelloway  rock,  represented  by  a  repetition  of  ferru- 
ginous oolite  in  the  succeeding  clay,  equivalent  to  the  Oxford 
Clay,  and  containing  the  Gn/p/itru  dilalata.  Upon  this  rests 
white  marl  ami  white  compact  limestones,  the  representative 
of  the  coral  rag  of  Etiglanil,  more  developed,  but  containing 
numerous  characteristic  fossils,  A  large  portion  of  country  is 
formed  of  these  beds,  and  there  is  no  clay  stratum  above  iheni, 
which  might  be  considered  analogous  to  the  Kinimeridge  clay. 
The  lithographic  slates  of  Bavaria  take  their  place  above  them, 
and  contain  such  an  extriiorclinary  mixture  of  organic  remains 
that  they  may  be  considered  as  local,  not  constituting  an  ex- 
tended bed  which  can  be  identifieil  in  distant  places.  These 
litliograpliic  slates  of  Papjienheim,  Solenhofen,  and  Motdieim 
near  Eichstiidt,  form  the  upper  part  of  the  oolitic  group  of 
Southern  Germany;  thereftne  their  position  in  the  series  is 
doubtful.  As,  however,  many  fossils  of  the  white  limestone 
beneath  occur  in  them  also,  they  may  be  considered  as  not : 
removed  from  itf. 

In  the  wfjole  range  from  the  Danube  to  Coburg  there 
thick  and  extensive  masses  of  dolomite,  which  take  the  plac 
of  a  part  of  the  white  limestone  {coral  rag).  These  masses  are 
for  the  most  part  non-fossiliferous,  and  it  is  only  in  a  few  places 
that  organic  remaitis  can  be  detected.  They  are  immediately 
covered  by  the  lithographic  slates  J. 

Von  Buch  was  tlie  first  to  point  out  that  the  coral  rag  con- 
stituted the  elevatett  jiiateau  between  the  Maine  and  Switzer- 
land, and  that  it  was  found  in  the  mountains  of  Streitberg,  at 
Donzdorf  in  Swabia,  at  Rathshausen  near  Bahlingen,  and  at 
Mont  Rantlen  near  Schaff'hausen.  He  observes,  that  at  the 
latter  place  there  are  several  beds  o(  polypifers,  in  which  Cnc- 
midium  iamdlosum,  Cn.  striatum,  and  Cn.  rimulosum,  are  the 
most  characteristic  fossUs.     Beneath  these  ai"e  beds  full  of 


•  Munster,  Uber  den  Oolitliisehen  Thoneisenntein  in  Siid-Deutscblond. 

f  It  is  understand  thut  M,  \-on  Bucli  is  preparing  a  detailed  account  of  the 
oolitic  scrit's  of  Southoni  Gennany,  wbich  wiJl  no  doubt  aftbrd  us  a  mas«  of 
valuable  infonuaUati  and  points  of  comparison  with  the  Knglikh  portion  of 
the  itaiue  uries. 

I  German  Transl.  of  Manual. 
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Ammonites,  such  as  A,  placatilis,  A.  triplictUus,  large  and  very 
abundant,  A.  pa-armatus,  A.  biplcx,  A.Jlexuosus,  A.  bifurcatuSj 
and  A.  canaliadaius.  These  coral-rag  beds  rest  on  clays  and 
tnarls,  containing  the  gnipbtea  dilataia  and  Ammonites  sub' 
larvis*.  The  List  of  Organic  Remains  will  show  tlint  poiypifers 
are  abundant  on  this  rock  at  Streitberg,  Muggendorf,  &c. 

M.  Merian  has  afforded  us  very  valuable  details  respecting 

the  structure  of  the  Jura  near  Bille,  and  of  its  continuation 

into  Germanv  in  the  same  vicinity  ;  whence  it  appears  that  the 

,  inferior  oolite  {Eisen  Rogtnstein)  and  the  lias  {Grijpki/en  Knll-) 

.constitute  clearly  marked  rocks  of  the  series.     The  beds  which 

[rest  on  the  Eisen  Rogcnstein  are  divided  into  older  and  newer 

[Jura  limestone  [AUercr  Rogcnstein  and  Jiingcrer  Jnrakalk\  the 

former  being  considered  in  a  great  measure  equivalent  to  the 

Great  or  Bath  oolite,  and  separated  from  the  latter  by  beds  of 

clay  f . 

So  far,  if  we  except  the  dolomite  in  Germany,  we  have 
found  no  great  change  in  the  oolitic  group,  taken  as  a  mass: 
there  is  nothing  which  shows  that  in  the  particular  parts  of 
Europe  above  noticed  any  forces  were  called  violently  into  ac- 
tion during  its  deposit.  On  the  contrary,  a  greater  or  less 
degree  of  repose  seems  characteristic  of  it,  as  also  the  presence 
of  a  large  proportion  of  calcareous  matter.  The  lowest  por- 
tion, or  the  Jtas,  preserves  certain  general  characters  over  a 
Considerable  area ;  and  xvhy  some  geologists  have  separated  it 
from  the  oolitic  series  is  not  easily  understood;  for  if  an  appa- 
rent passage  into  the  rocks  beneath  in  some  situations  be  the 
ll^ason,  such  a  reason  would  hold  e(]ually  goml  lor  not  sepa- 
iting  it  from  those  above,  into  which  it  also  passes  :  if  its  zoo- 
logical character  be  brought  forward,  there  can  be  little  doubt 
hat  throughout  Western  Europe  this  would  place  it  in  the 
roup  under  consideration. 

The  lias  of  Western  Europe  may  be  considered,  taken  in 
mass,  as  an  argillaceous  und  calcareous  deposit,  in  which 
jmetimes  one  substance  predominates,  sometimes  the  other: 
jmetimes  presenting  a  great  abundance  of  marls  or  clays,  at 
Others  of  limestones:  the  latter  are  however  generally  most 
^common  iti  the  lower  portions  of  the  rock.     In  the  Vosges  di- 
patrict  the  lower  part  of  the  lias  is  formed  of  a  sandstone,  de- 
I  scribed  by  M.  Elie  de  Beaumont  as  yellow  and  quartzose,  con- 
taining mica,  a  few  flattened  argillaceous  nodules,  and  smalt 

•  Von  Buch,  Recueil  de  Planchps  do  Petrifications  R^marquables,  Berlin, 
1831. 

t  Merian,  Geognostisflier  Dnrchschnittdiirch  doa  Jurm-Gebfrge  von  Basel 
ln«  Ke.stenholz  hey  Aanrangcii ;  Denkschriftra  der  allgemctnen  Schwei- 
zeriachen  Gesellscbaftturdiegeaammten  Naturwisaenschancn.  Zurich,  1829. 
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The  presence  more  particu* 

larly  ot"  die  pebbles  lieems  lo  poitil  to  a  transport  by  wat 


white  or  bbck  quartz  pebbles* 

larli 

Thi 


IS  sundtjtoiie  exltindii  into  the  ncirrhbouring  parts  of  G( 
many,  and  is  one  of  those  to  which  tlie  name  of  Quailtrsand- 
sit'iu  has  been  applied.    Beneath  the  oolitic  group  which  cor 
into  contact  with  ihe  granitic  rocks  of  central  France»  M. 
Bonnard  has  described  an  arenaceous  rock,  which  he  has  nar 
Arkos^e,  and  which  may  represent  the  arenaceous  be<ls  cons 
tuting  the  lowest  part  of  the  same  rocks  in  the  district  of  I 
Vosges.     M.  DulVeuoy  describes  an  m'enaceous  deposit 
responding  in  geolof^ical  position  and  external  characters  wii 
the  arkose  of  M.  de  Bonnard  in  the  south-western  parti 
France.     He  also  states,  that  from  Chlitre,  where  the  cc 
measures  terminate,  to  heyonti  Brives.,  the  separation  of 
ooiittc  series  antl  the  granitic  rocks  is  marked  by  the  presenf 
of  this  sandstone^  composed  of  quartz  grains  and  felspat 
portions,  cemented  by  matter  generalSy  niarly,  but  sometii 
si]iceoui>;  the  silica  in  the  latter  case  becoming  sometimes 
abundant  ns  to  obliterate  its  character  of  a  sandstone,  so  that 
passes  into  a  jaspei-.    This  sandstone  seems  to  pass  into  the  lil 
limestone,  presenting  an  arenaceous  limestone  between  the  ti 
M.  Diifreuoy  considers  it  as  the  inferior  sand  of  the  Has,    11 
same  author  describes  the  lias  of  the  south-west  of  France ;  aii 
stiitcs  that  it  contains  masses  oT gypsum.     Although  sulpht 
of  hme,  in  the  shape  of  crystals  of  selenite,  is  by  no  means  i 
common  in  the  lias  marls  of  other  countries,  its  presence,  in 
that  form,  does  not  appear  to  mark  a  chemical  deposit  so  much_ 
as  in  the  gypsum  above  noticed.     Taken  as  a  whole,  the  U 
seems  very  |)ei'sislcnt  in  its  chaniclers  throughout  a  conside 
able  part  of  France,  England,  and  Germany,  pointing 
somewhat  common  origin.     In  the  has  of  Lyme  Regis,  Dors 
there  would  apfjear  evidences  of  slow  dejiosit  in  some  pai 
while  in  oiliers  tlie  animals  entombed  seem  to  have  been  sud-" 
denly  killed  and  preserved,  so  tltat  the  animal  substances  had 
not  time  to  deca}'.     The  ink-bags  of  fossil  Sepia:,  noticed  by 
Prof.  Buckiand,  afford  perhaps  the  best  evidence  we  can 
duce  of  this  fact;  fur  hud  the  animal  substances  which 
taincd  ink  been  exposed  but  for  a  short  time  to  decompositioi 
or  the  attacks  of  otiier  animals,  the  ink  must  have  flowed  out 
of  the  bags.     Now  the  actual  forms  of  this  Ibssil  ink  are  pt 
cisely  those  of  the  ink-bags  found  in  the  Scpitc  and  other  ai 
mats  possessing  organs  of  a  similar  description  at  the  prese 
day ;  and  therefore  they  appear  to  have  been  preserved  entii 
and  suddenly  iu  a  soft  deposit. 

*  £lie  de  Beauiuout,  M^m.  jmiut  servir  k  luie  Description  G^ologique  de 
la  France,  Imn.  i. 
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In  the  lias  of  southern  England  and  ninny  parts  of  France 
and  Germanvi  l^e  calcareous  matter  has  been  more  abundant 
in  the  lower  parts;  and  limestone  beds  have  been  the  conse- 
<juence,  inter  stratified  witli  marl,  the  latter  sometimes  schistose. 
Above  the  lias  we  huve  an  arenaceous  deposit,  into  which  the 
marls  graduate;  and  these  sandy  beds  would  seem  to  have 
been  formed  over  a  consiilerable  area,  embracing  a  large  por- 
tion of  France  and  England,  and  parts  of  Scotland  and  Ger- 
many. These  are  surmounted  by  tiniesiones,  one  of  which, 
characterized  by  the  presence  of  oolitic  iron-ore,  though  not 
precisely  conltniious>  is  remarkable  for  its  occurrence  in  a  si- 
milar part  of  the  series,  whether  it  be  in  (he  southern  parts  of 
-Kngland,  in  tiie  north  of  Franco,  in  the  Jura,  or  in  some  parts 
©f  Germany.  Above  these  beds,  termed  the  Inferior  oolite, 
lliere  is  a  series  which  varies  much  in  its  mineralogical  charac- 
ter, presenting  modificiilions  of  clays,  marls,  and  limestones; 
the  latter,  which  are  often  oolitic,  affording  beautiful  materials 
for  architectural  purposes,  as  is  seen  in  the  towns  of  Bath, 
Caen,  Nancy,  and  other  places.  Tliis  variety  is  commonly 
known  by  the  name  of  ihe  Bath  or  Great  oolite,  while  other 
portions  have  received  the  names  of  Fuller's  earth,  Bradford 
clay.  Forest  marble,  and  Cornbrash.  There  can  be  little 
doubt  that  in  tracing  these  supposed  minor  divisions  over  many 
parts  of  Europe,  too  much  attention  has  been  given  to  them  as 
tliey  exist  in  southern  England  and  in  Normandy,  and  that 
Conclusions  respecting  their  complete  identity  elsewhere  have 
been  somewhat  forced.  This  is  not  the  case  with  the  next  di- 
vision,— one  like  the  lias  composed  of  argillaceous  and  calca- 
reous matter,  known  as  the  Oxford  clay,  which,  with  certain 
modifications,  seems  to  extend  through  England,  and  over  a 
considerable  portion  of  France,  including  the  Jura,  into  Ger- 
many. The  next  superior  rock,  termed  Coral  rag,  (from  con- 
taining in  certain  situations  a  great  abundance  of  polvpifers,) 
separating  an  argillaceous  deposit  termed  Kimmeridge  clay 
from  the  Oxford  clay,  seems  also  to  have  a  wide  range,  and 
presents  a  mixture  principally  calcareous,  and  often  oolitic^ 
the  grains  being  not  unfrequently  so  large  that  the  rock  is 
named  Pisolite.  The  Kimmeridge  clay  is  also  an  argillaceous 
and  calcareous  mixture,  which  has  a  considerable  range,  par- 
ticularly over  England  and  France.  Its  covering,  or  the  beds 
termed  Portland  beds,  seems  very  irregularly  dispersed,  the 
causes  lliat  produced  the  beds  not  being  so  constant  as  those 
which  formed  the  clay  beneath  :  it  will  however  have  been  seen 
that  rocks  considered  equivalent  occur  in  the  south-west  of 
France,  and  in  the  Jura. 

As  yet  we  have  seen  the  oolitic  group  composed  of  nearly 
similar  mineral  substances,  and  abounding  in  organic  remains. 
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In  Polftnd,  however,  there  would  appear,  according  to  Prof. 
Pusch,  to  be  a  change  in  the  general  mineral  structure,  pre- 
pariii}^  us  tor  other  greater  changes,  whicli  will  be  notice<i  in 
the  sequel.  M.  Pusch  describes  the  lower  member  of  the 
group  under  consideration  in  that  country  as  more  or  less 
white  and  marly.  On  this  rests  dolomite,  generally  of  a 
dazzling  whiteness,  affording  the  forms  so  remarkable  in  the 
rocks  of  this  nature,  and  coin]}osiiig  the  pictures(|ue  country 
between  Oldkusz  and  Crucuw,  and  near  Kroniolow,  Niego- 
womie,  and  oiher  places,  rising  to  the  lieight  of  1200  or  1400 
feet  above  the  sea.  The  upju-r  part  of  lliedolomitic  limestone 
from  Oldkusz  towards  Zarki,  and  especially  near  Wlatlowice, 
contains  pisiform  iron-ore;  it  there  becomes  mixed  with  a 
coarse  sandstone,  and  constitutes  a  problematical  agglomerate 
and  red  sandstones.  The  upper  portion  of  the  group  is  formed 
of  gray  and  oolitic  limestones  and  calcareous  agglomerates, 
and  is  representetl  as  passing  into  the  beds  considered  equiva- 
lent to  the  Weaiden  rocks.  The  rocks  of  the  oolitic  group 
are  seen  to  rest  unconforniably  on  the  coal-measures  and 
muschelkalk  of  Polanil ;  and  it  is  necessary  to  use  some  cau- 
tion not  to  confound  them  with  the  latter  rock,  when  they  are 
in  contact,  as  at  Oldkusz  and  Nowagora.  Taken  on  the  large 
scale,  the  Polish  rocks  of  this  age  are  stated  to  have  a  general 
direction  N.N.W.  and  S.8.E.  From  Wieiun  they  plunge 
beneaili  the  great  plnin  of  Poland,  here  and  there  appealing 
in  islands  above  it,  and  are  considered  to  be  its  support,  beiag 
met  with  in  sinking  through  it.  The  organic  remains  con?, 
tained  in  this  deposit  are  stated  to  be  such  as  to  establish  il 
identity  with  the  oolitic  series  of  other  parts  of  Europe*. 

We  have  now  to  consider  a  series  of  equivalent  deposil 
with  little  or  no  mineralogicai  resemblance  to  those  noli 
above,  occurring  in  the  Alps,  the  Carpathians,  and  in  Ital;^ 
Numerous  memoirs  have  been  written  by  different  geologist 
and  some  have  even  considered  that  certain  minor  divisions 
might  be  eslablisheil ;  but  it  must  be  confessed, — though  the 
evidence  is  greatly  in  favour  of  a  considerable  development  of 
the  oolitic  group,  with  aheretl  niineralogtcal  characters,  in  the 
situations  above  noticeil, — that  the  terniination  of  the  group 
either  above  or  beneath  is  far  from  jjossessing  that  clear  and 
certain  character  which  could  be  desired.  The  mtneralogical 
character  being  so  different,  recourse  has  generally  been  h 
to  organic  remains;  there  are,  however,  such  singular  mixtui 
of  these,  in  the  Alps  more  especiailv,  that  the  d«termiaati 
of  particular  deposits  is  fur  from  certain.  Instead  of  lend' 
soft  marl.<!,  clays,  sands  and  light-coloured  limestones,  we  have 
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*  Pusch,  Journal  de  Geologic,  t.  ii. 
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dark-coloured  marbles,  masses  of  crystalline  dolomite,  gypsum, 
and  schists  approaching!;  talcose  and  micaceous  slates.  The 
Alps  are  al^o  pnrticiiliirJy  diilicult  of  examination,  as  from  the 
convulsions  by  which  they  have  been  upraised  or  otherwise 
visited,  whole  mouuttiin  masses  are  thrown  over,  and  the  rocks 
really  deposited  the  latest  occur  beneath  tlie  older  strata;  and 
this  not  in  limited  spaces,  but  over  considerable  distances. 
These  dark-coloured  rocks  were  (luring  the  prevalence  of  the 
Wernerian  theory  referred,  as  was  natural,  to  the  transition 
class;  and  we  are  indebted  to  Dr.  Buckland  for  first  pointing 
out  that  they  were  of  more  recent  orifrin :  since  that  time, 
other  geologists  have  shown  the  probable  relative  unlitjuitv  of 
different  portions;  and  aruoiir;  these,  M.  Elie  de  BeaunifOut 
I  holds  a  distinguished  place,  particufarly  as  respects  Savoy, 
Dauphine,  Provence,  and  the  iVIarilime  Alps,  in  a  note  on 
the  geological  position  of  the  fossil  plants  and  Belcmnites  found 
at  Petit  CoBur  near  Mouliers  in  the  Tarentaise,  }>tiblished  in ' 
1828*,  this  author  observes  that  the  system  of  beds  described 
by  M.  Brochant  in  his  memoir  on  the  Tarentaise,  and  which 
in  many  places  contains  considerable  masses  of  granular  lime- 
stone and  micaceous  quartz  I'ock,  as  well  as  large  masses  of 
gypsum,  belongs  to  the  oolitic  group.  He  is  of  this  opinion, 
fts  he  considers  that  the  most  ancient  secondary  rocks  of  that 
country,  in  which  no  fossil  shells  have  been  Jbund  that  have 
not  been  discovered  in  the  lower  part  of  the  oolitic  series,  can 
be  tracetl  to  the  environs  of  Digne  and  Sisteroii  (Basses  Alpes), 
where  ihey  afford  a  great  abundance  of  those  remains  supposed 
to  be  characteristic  of  the  lias. 

In  a  notice  on  the  geological  position  of  the  fossil  plants  and 
graphite  found  at  the  Col  du  Chardonnet  (Hautes  Alpes),  M. 
Elie  de  Beaumont  observes,  that  as  the  traveller  quits  the 
JJourg  d'Oisans  (Piedmont)  and  approaches  the  continuous 
range  of  masses,  termed  primitive,  that  extend  from  the  Monte 
Rosa  towards  the  mountains  on  the  west  of  Coni,  he  will  per- 
ceive that  the  secondary  rocks  gradually  lose  their  original 
character,  though  certain  distinguishing  marks  may  still  be 
seen, — thus  resembling  a  half-burnt  piece  of  wooil,  in  which 
the  ligneous  fibres  may  be  traced  far  bcyontl  the  part  that  re- 
mains woodf.  He  has  also  remarked  on  the  original  differ- 
ences that  may  have  existed  between  these  secondary  rocks  of 
the  interior  of  the  Alps,  and  those  in  the  same  series  of  other 
countries;  and  thence  concludes,  that  very  little  importance 
should  be  attached  to  the  difference  of  mineralogical  structure 
observed  in  the  beds  above  mentioned,  and  in  the  lower  part 
of  the  oolitic  group,  occurring  undisturbed  in  other  parts  of 

•  Aunalcs  des  Sciences  Natiircllcs,  t.  xiv.  p.  113. 
t  Ibid.  1828,  t.  XV.  p.  353. 
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Europe,  and  of  which  ihese  Alpine  rocks  appear  to  ]i 
enlarged  prolon^^ation.  The  vegetables  foinid  by  M.  Elie  de 
Beaumont  in  the  siluations  above  noticed,  were  examined  by 
M.  Ad.  BnHigniarl,  ami  many  were  found  by  him  to  be  ge- 
nerally the  same  with  tliose  discovered  in  the  coal-measures. 
The  foHowing  is  a  list  of  those  which  he  obtained  from  tlie 
Alps,  apparently  all  similarly  situated  as  to  geological  position: 
Calamiies  Suc/iOivii,  Ad.  Brong.,  at  Pey-Kicard,  near  Brianc^oa 
(also  in  the  coal-measures  of  Newcastle  and  other  places); 
C\  Cistii,  Ad.  Brong.,  the  same  locality  (also  at  Wilkesbarre  in 
Pennsylvania);  Lepidodendron,  2  sp.,  Pey-Hicaril  anil  Pey- 
Chagiiard,  near  Lamure;  Si<iillariti,  the  above  localities,  aod 
La  Motte  near  Lamure;  Stigmaria,  Pey-Chagnard ;  Neuro- 
pteris gigaiiiea.  Ad.  Brong.,  iServoz,  Savoy  (also  in  the  coal- 
nieasiires  of  Buhemia) ;  N.  teiiui/'olifi.  Ad.  Brong.,  Petit-Cocur, 
and  Col  dc  Baline  (also  in  coal-measures  of  Liege  nnti  New- 
castle); N.Jlcxtwsa,  Stern.,  La  Roche  Macot,  Tarentaise  (also 
coal-measures  of  Liege  and  Bath);  N.  Horetii,  Ad.  Brong., 
same  locality  ;  N.  ro/undi/hlia,  Ad.  Brong.,  La  Roche  Alacof, 
and  Col  de  Bui  me  (also  in  tlie  coal-mines  of  Plessis,  Calvados); 
Odoniopteris  Brard'tiy  Ad.  Brong.,  Petit-Coeru'  (also  coal-mines 
of  Terrussoii,  Dordogne) ;  Od.  obtusa^  Ad.  Bfong.,  Col  de 
rEcuelle,  near  Chamonix;  Petit-Cceur  (also  at  Terrnsson); 
Fecopkris poli/morp/ta  *,  Petit-Cfrur(fllso  in  the  coal-mensures 
of  St.  Etienne^  Alais,  Litrv,  Wilkesbarre);  P,\  pteruides.  Ad. 
Brong.,  Pey-Chagnard  (also  in  coal-measures  at  Liege,  Man- 
nebach,  St.  Elienne,  and  Wilkesbarre);  Pe.  atborcscctis^  Ad. 
Brong.,  Val  Bonnais,  near  Lamure;  Petit-Coeur  (also  at 
Mannebach  and  Aubin,  Avey vou);  Pe. plafj/rac/iis,  Ad.  Brong., 
Val  Bonnais  (also  at  St.  Etienne);  Pc.  Beaumontii,  Ad.  Brong., 
Petil-Cocur ;  this  new  species  is  described  as  resembling  the 
Pe.  nervosa,  Pe.  byitrcuta,  Sterji,,  and  Pe.  miaicata,  SchloU, 
found  in  the  coal-measures,  and  Pe.  tenuis,  found  in  llie  oolitic 
series  of  Whitby  and  Bornholm;  Pe.  Plufivnelii?  Petil-Coeur; 
Col  de  rEcuelle  (also  at  Alais) ;  Pc,  oblusa,  Ad.  Brong.,  Petit- 
Coeur  (also  in  coal-measures  near  Bath) ;  A&terophyllitrs  cqui' 
setiformiSy  Taj'entaise  (also  at  Alais  and  Mannehach) ;  Annulo^ 
via  brevijbliti^  Col  de  Balme  (also  at  Alais  and  Geislautern)f. 
These  vegetable  remains  are  so  far  associated  with  Belem" 
nitcs,  that  the  latter  occur  both  alune  and  beneath  them ;  so 
that  there  can  be  no  doubt  as  to  the  Bcicmnitcs  having  existed 
previous  to  and  after  the  vegetable  deposit;  and  therefore 
these  localities  would  involve  the  question  of  the  preference 
ttiat  sltould  be  given  to  the  Bclcm/iilts  or  to  the  vegetables,  if 

*  Tli'u  ipuries  is  coinnioii  in  the  coal<uifunire8  of  France  according  to 
M.  Ad.  Bniiigniart. 
i  Ad.  BtL.igaiart,  Ann.  dra  Sci.  Nat.  vol.  xiv.  p]i.  139,  130. 
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M.  EHe  de  Beaumont  dul  not  appear  ceruin  that  the  same 
series  of  beds  was  tdtiiintiecl  lo  Dij^ne  and  Sisteron,  and  there 
contained  characteristic  lias  remains. 

M.  Necker  de  Saussnre  has  <lescribed  a  series  of  beds  (hat 
composes  the  upper  part  of  the  Buet  (Savoy),  and  which  con» 
stitutes  the  lowest  calcareous  tleposit  of  tiiat  portion  ol"  the  I 
Alps,  restin<^,  like  those  above  noticed  at  Petit-Ca?ur  and  the 
Col  de  Chardonet,  on  older  and  non-fossiliteroiis  rocks.  The  ' 
following  is  a  section,  in  tlie  ascend itt;^  order : — 1,  Mica  slnte, 
which  may  form  part  of  tlie  protojjine  rocks  of  this  district. 
2.  A  sandstone,  formed  of  numerous  grains  of  quartz,  mixed, 
with  a  few  crysialline  grains  of  felspar,  and  sometimes  with  a  j 
little  laic  or  chlorite.  3.  Red  and  green  argilio-ferruginous 
schist.  This  rutk  is  snmetinies  wanting  in  the  section ;  but 
on  the  east  of  the  Valtce  de  Vallorsinc  it  alterimtes  with  ihe 
well-known  Vallorsine  conglomerate,  which  is  but  a  similar 
schist,  filled  witli  rounded  pebbles  of  gneiss,  mica  sJate,  pro- 
togine,  &c.,  among  which  we  neither  observe  true  granite  nor 
limestone; — an  important  fact,  as  is  observed  by  M.  Necker, 
lor  it  appears  to  show  thai  the  Vallorsine  granite,  which  cuts 
through  the  gneiss,  did  not  exist  before  the  form.ition  of  the 
conglomerate.  4-.  A  black  schist,  with  impressions  of  ferns, 
the  vegetable  remains  being  converted  into  thin  laic  *.  5.  Black 
or  dark  bluish-gray  limestone,  filled  with  grains  of  quartz. 
6.  A  black  argillaceous  schist,  containing  nodules  of  Lydian 
stone.  Ammonites  are  found  in  thii  rock,  as  also  in  an  ar- 
gillo-talcose  schist  which  alternates  with  il.  7.  A  gray  cal- 
careous and  arenaceous  schist,  conbitning  Bdemnitrsf-  Tiie 
last  l)ed  constitutes  the  summit  of  the  Buet,  I0,0!)9  English 
feel  above  ihe  sea. 

It  lias  been  observed  by  M.  E!ie  de  Beaumont,  that  the  cal- 
careous portions  of  these  regions  of  the  Alps  are  separated 
from  the  older  antl  non-fossiliferous  rocks  by  a  sondstone  more 
or  less  coarse,  which  passes  into  a  contjlomerate,  seen  not  only 
at  the  Vallce  de  Vallorsine  above  noticed,  but  also  al  Trient, 
Ugine,  AUevard,  Ferriere,  and  Petil-Cceur.  The  same  cir- 
cumstance is  observable  to  the  east  of  the  Bourgd'Oisans  and 


•  When  crossing  and  wandering  over  the  Col  do  Bnlmo  in  Ifilfi,  I  pii-keil 
np  specimens  of  sandstone  witli  iinprcs.'tionH  of  plnnla  upon  thrni ;  these 
plants  I  then  cunsidercd,  frum  their  gtuiial  cliiiractcr,  to  be  sndi  Ui  urc 
usually  found  in  the  coal-mea*urL's  (Geol.  Tr^ns.  2nd  series,  vol.  i.  p.  1 62) ;  an 
opinion  which  lias  since  been  eonrtrtiicd  by  M.  Ad.  Brungtiiart,  though  it 
now  appears  that  they  niny  belong  to  a  more  modern  deposit. 

t  Necker,  M^m.  sur  la  Vaih'-c  Ac  Vallorsine,  Mt'm.  do  la  Soc.  de  Phya. 
ft  d'llist.  Nat.  de  Geneve,  1828. — For  a  nectiun  of  tlie  Bnet,  set-  the  same 
Memoir ;  and  Sections  aud  Views  ilkuttrative  of  (iculogical  I'htenoincna, 
|>I.  27.  fig.  5. 
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Huez,  and  in  other  places*.  This  evidence  of  the  action 
water  possessing  siifhcient  velocity  to  transport  coarse  sands 
an<I  pebbles  should  be  borne  in  mind,  as,  howex'er  sucti  sands 
and  pebbles  nmy  have  been  since  altered  in  appearance,  it 
shows  that  the  deposits  were  not  produced  quietly;  though 
subsecjuenlly,  I'rom  a  change  of  circumstances,  and  the  esta- 
bhshnieni  uf  comparative  truntjuiJlityi  limestones  were  formed. 
Tiiese  appearances  are  not  confined  to  the  Savoy  and  French 
Alps,  but  are  seen  on  the  shores  of  the  Lake  of  Como  and  of 
the  Gulf  of  La  Spezia.  The  tulcareous  beds,  of  which  such 
fine  sections  are  niFoi-ded  in  the  Lakes  of  Como  and  Lecco, 
are  separatetl  from  tlie  gneiss  ajid  mica-slate  of  the  higher 
Alps,  by  a  conglomerate  composed  of  rounded  }neces  of  quarts 
red  porphyry,  and  other  rocks,  associated  with  sandstone 
beds. 


Monte  del  Nova. 


Fig.  60. 
Monaggio.        NobioIIo.  La  Gaeta. 


d        i  d  a       d        c      g  m 

df  df  (/,  dolomite.     /,  limestone,     a,  gypsum  included  in  dc 
lomite.     c,  red   conglomerate  and  santistone  sepni-ating  the] 
calcareous  and  dolomitic  rocks  from  the  gneiss  and  niica-slatOij 
gf  gneiss.     »h,  mica  slalef . 

The  limestone  series  incumbent  on  the  conglomerate  is  in' 
some  situations  strangely  mixed  with  dolomite  more  or  less 
crystalline,  as  will  be  noticed  in  the  sequel.  Taken  as  a  mass, 
the  limestones  occupy  a  thickness  of  many  thousand  feet,  and 
are  more  or  less  gray.  They  are  siliceous,  and  contain  seams 
o(  chert  in  llie  U[)per  part  (near  Como),  become  slaty,  with 
apparently  little  siliceous  matter  in  their  central  parts,  and  are 
finally  compact  and  more  thickly  bedded  in  their  lowest  situ- 
ations. Ammonites  greatly  resembling  A.  Bucklandi  and  A. 
Actrrop/tijllm  nre  discovered  in  it,  as  are  alst»  TurritvlUv^  and 
other  shells.  Anthracite  is  here  and  there  found.  I  have 
little  doubt  that  the  oolitic  group  is  represented  by  at  least  a 
})art  of  this  calcareous  mass:  but  how  much,  and  what  other 
equivalents  there  may  be,  my  present  information  will  not 
permit  me  to  hazard  an  opinion.  The  general  circumstances 
are  however  so  similar,  that  it  does  not  seem  utu-easonable  to 
conclude  tJiat  tlie  causes,  whatever  they  were,  which  produced 

•  Elie  de  Bcauniont,  Ann.  de»  S('i.  Nut.  t.  xv.  p.  ."{SI. 
t  Kur  ti  iitMp,  other  «ectioii.s,  andudescriplioii  of  tliis  district,  see  Secliom 
and  Vicwi  iihwlrutive  of  Ciculogical  I'ha-iioiru-iM.  pi.  31,  Z'i. 
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the  Vallorsine  conglomerates  and  the  sandstone  associated 
with  them  in  ihnt  part  of  the  Alps,  were  contemiK)raneous 
with  those  wliich  tormcd  the  conglomerates  and  associated 
sandstones  of  tiie  lakes  of  Coino  ami  Lugano. 

To  present  a  detail  of  tlie  various  observations  on  those 
Alpine  rocks  whicli  are  considered  as  referribie  to  the  oolitic 
group,  would  far  exceed  our  limits;  the  student  will  consult 
with  advantage  the  various  labours  of  Studer,  Bout-,  Sedgwick, 
Murchison,  Lill  von  Lillienbach,  Lusser,  and  others.  There 
may  be  occasionally  some  difference  of  opuiion  among  authors, 
as  to  where  the  series  may  commence,  or  where  it  may  end; 
but  the  main  fact,  the  existence  of  the  group  itseWj  seems  esta- 
blished beyond  all  doubt.  When  we  consider  the  disturbed 
nature  of  the  country  to  be  examined,  and  tlie  difliculty  of 
attaining  certain  situations  perfectly  necessary  to  a  right  un- 
derstanding of  the  subject,  except  under  very  favourable  cir- 
cumstances, we  sliould  be  more  surprised  that  so  mucti  lias 
been  accomplished  in  so  short  a  lime,  than  at  finding  discor- 
dant opinions  on  certain  minor  points. 

Mr,  Murchison  observes  that,  accompanied  by  M.  Lill  von 
Lillienbach^  he  found  in  the  dark-coloured  limestone  and  shale, 
at  the  gorge  of  the  Mertelbach,  below  Crispel  (Austrian  Alps), 
— Ammonites  2  species  (one  approaching  J.  Con^beari\  Pec- 
ten  3  species,  sniail  Grifpkeca^  Mi/a^  Perna  2  species,  Ostrea, 
Corallines,  &c.  This  group  is  referred  to  the  lias.  An 
overlying  red  encrinite  limestone  contains  several  species  of 
Ammonites,  and  some  Bekninites.  According  to  Professor 
beilgwick  and  Mr.  Murchison,  most  of  the  salt-mines  of  the 
Austrian  Alps  nrc  contained  in  the  oolitic  group  (Halstadt, 
Aussee,  &c.).  The  upper  part  of  tlie  oolitic  series  of  this  part] 
of  the  Alps  contains  semi-crystailiiie,  brecciated,  compact,  and] 
dolomitic  limestones*. 

I  cannot  conclude  this  sketch  of  the  oolitic  group,  without 
adverting  to  certain  limestones  of  La  Spezia  which  may  be 
referribie  to  it.  On  the  west  side  of  the  celebrated  Gulf  of  La 
Spezia,  there  is  a  range  of  mountains  extending  along  the  coast 
nearly  to  Levanto,  their  breadth  augmenting  as  they  advance 
N.  W.  The  sections  of  these  mountains  expose  the  following 
rocks,  easily  observed  up  any  of  the  cross  valleys.  The  an- 
nexed wood-cut  exhibits  a  section  over  Coregna. 
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S.  Gulf  of  La  Spezia.  M.  Mediterranean,  a.  Limestone 
series  : — Upper  beds  compact  and  gray,  varying  in  intensity 
of  tint ;  more  or  less  traversed  by  calcareous  spar  ;  here  ana 
there  interstratified  with  scliislosc  beds,  and  even  argillaceous 
slate.  The  beds  most  commonly  thick.  The  limestone  with 
light-brown  veins,  so  long  known  by  the  name  of  Porto  Venere 
marble,  forms  part  of  these  beds.  b.  Dolomite: — varying  in 
appearance ;  not  unfrequenliy  crystalline;  when  most  so  nearly 
white ;  in  some  places  beds  may  be  distinguished,  in  olliei^s 
stratification  cannot  be  traced,  c.  Numerous  thin  beds  of 
dark-gray  limestone,  d.  The  same  kind  of  beds  alternating 
with  light-brown  schist,  containing  an  abundance  of  small  no 
dules  of  iron  pyrites,  Belemniies,  Orthocerotites,  and  Ammo- 
nites,  enumerated  beneath.  The  limestones  which  alternate 
with  the  schist  become  occasinnnlly  light-cnloureti  as  they  ap- 
proach the  next  rock,  from  whicli  however  they  are  separated 
by  a  repetition  of  the  (lark-colourc<l  limestone  and  brown 
schist,  e.  Brown  shale  which  does  not  efl'ervesce  with  acids. 
f.  Variegoted  beds : — greenish-blue  and  argillo-calcareou; 
rocks ;  more  or  less  schistose,  the  calcareous  matter  bein, 
often  in  very  small  (juantity.  g.  Brown  sandstone; — prin 
pally  siliceous,  though  some  of  it  does  contain  calcareous  mat' 
ter.  It  is  sometimes  micaceous,  and  occurs  either  in  thick, 
thin,  or  schistose  beds.  It  has  sometimes  been  called  grau- 
wacke,  and  it  is  one  of  the  maci'^ims  of  the  Italians. 

The  organic  remains  from  C'oregna  were  first  discovered 
by  M.  Guidoni,  of  Massa;  a  few  indications  only  of  the  p 
sence  of  such  bodies  in  the  limestone  under  considerati 
having  been  noticed  by  M.  Cordier  some  years  previousl; 
The  strata  being  perpendicular,  the  weather  acts  on  the  etl 
of  the  shide  beds,  in  which  the  remains  are  found,  and  they 
are  lluis  brought  to  light.  At  n>y  request  Mr.  Sowerby  ex- 
amined the  remains  dim  I  bmujrht  from  thence,  and  he  con- 
siders that  out  of  fifteen  different  species  of  Ammonites,  one 
seemed  the  same  with  the  A.  trugattts^  Phil.,  discovered  in  the 
lias  of  Yorkshire,  while  two  resembltd  A.  Listcri*  and  A,bi- 
JormiSy  shells  iliscovered  in  llie  coal-measures  of  the  same  part 
of  England.  The  remainder  he  considers  imdescribed.  From 
the  great  scarcity  of  organic  remains  of  these  limestones  in 
Italy,  1  have  inserted  Mr.  Sowerby's  descriptions  of  the  va- 
rious species,  lugelher  with  figures,  considering  that  they  may 
be  of  service  in  the  examination  of  other  parts  of  Italy,  as  well 
as  Greece,  and  various  countries  eastward. 


ds. 

)US 

m 

»u- 
ered 
tKMH 


•  This  shell  is  iilso  discovered,  according  to  M.  Ilceiiinghaua,  in  the< 
measures  ftl  \V'crdt'u. 
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Fig.  65. 


Fig.  66. 


Fig-  67. 


Fig.  68. 


¥\g,  Q2.  At/imutiUet  cifiindricus.     Inner  whorls perfetlly  concealed;  lides 
'  tlightly  concave  itbout  their  c<.'ntres,  flat  towards  the  margin ;  surface  smooth ; 
ciperlure  oblon^r,  deeply  indented  by  the  preceding  whorl;  the  front  square, 
which  distinguishes  it  from  //.  firtfraphi/ihtx,  JSow. 

Fig.  63.  A.  Stella.  A  smalt  portion  oi*  the  inner  whorls  exposed ;  the 
Mdes  rather  convex,  largely  umbilicBted  ;  of  the  inner  whorls  plain  ;  of  the 
outer,  two  thirds  covered  by  large  convex  rays ;  aperture  elongated,  its  front 
elliptical,  its  inner  angles  truncated. 

Fig.  C4.  .•/.  P/tillipsii.  Inner  whorU  almost  wholly  c.vposcd ;  whorli 
kIowIv  increasing,  about  four,  tlieir  sides  fiat,  irregularly  and  ob*ciirely  un- 
dulated I  aperture  four-sided,  rather  longer  than  wide,  the  sides  nearly 
straight.  The  cast  is  contracted  at  distant  intervals  by  the  periodical  thicken- 
ing of  the  edge  of  the  aiH'rture.     Named  in  honour  of  Mr.  Phillips*. 

Figs.  (>5  and  <i7.  A.  biformit.  Inner  whorls  partly  visible ;  whorls  three 
or  four,  rapidly  increasing,  crossed  by  many  prominent  sharp  ribs;  each  rib 
suddenly  becomes  obscure,  and  spreads  into  two  as  it  passes  over  the  broad 
convex  front ;  aperture  transversely  obloug,  twice  aa  wide  aa  loug,  slightly 
arched. 

Upou  the  inner  whorls,  whicli  have  the  front  plain,  the  riba  are  contracted 
into  round  tuhtrctes.  The  cxtiemitics  of  the  longer  ribsalinast  form  spines. 
Tliis  species  is  found  in  the  coal-nicosure  near  Leeds. 

Fig.  60,  ji.  Linttri.  Sec  Min.  Conch,  tab.  501.  Also  discovered  in  the 
coal-measures  of  Vorksiiire. 

Fig.  68.  A.  Coregneniu.  Inner  whorls  much  exposed ;  whorls  three  or 
four,  crofwed  by  many  straight,  prominent,  sharp  ribs,  which  bend  forward, 
and  luddenly  terminate  upon  the  nearly  plain  front;  aperture  transverselj 
obovate. 

This  shell  is  iatermediftte  between  A.  hijorviis  and  A,  planicoslata,  Sow.; 
h  is,  however,  nearer  the  former,  as  it  Ims  tubercles  upon  the  inner  whorl^j 
where  A.  platiicoalala  is  tpiite  smooth. 


Fig.  69. 


Fig.  70. 


Fig.  71. 


I 

4 


Fig.  72.     Fig.  73.        Fig.  74.  Fig.  75. 

•  Author  of  ilhistrationt  of  the  Geology  of  Yorkshire. 
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Fig.  6!).  y/.  Gnitlnni,     Innt'i-  wliorls  much  expoftod:  nhorls  fevr,  their 
irides  flat  and  crossod  l>y  dintaiir  flattened  ribs ;  each  rib  uplit,  the  po«trria  ~ 
branch  most  prominent,  nnd  rni^ied  into  a  low  tubercle  before  it  passes  ovt 
the  narrow  conrcx  mar^iin.     Named  in  honour  of  Sig.  Guidooi,  the  diaca>~ 
vercr  of  these  rcmuins  at  Cori.-gna. 

Fig.  70.  A.  arliculatus.     Inner  whorLi  nearly  e\-posed  ;  whorls  few,  ea 
divided  by  ei<;ht  or  ten  furrows  into  ns  many  imbricating  joints  ;  the  anterio 
edge  of  each  joint  elevated,  and  crossed  by  the  edges  of  tlic  septe. 

Fig.  71.  -/.  dUcrehis.  Inner  whorls  partly  exposed  in  a  large  umbilicui  ; 
globote ;  whorls  three  or  four,  crossed  by  many  prominent  ribs,  which  spltl 
as  tliey  crossover  the  convex  front;  keel  sharp,  entire;  aperture  transvcr 
oval,  slightly  arched. 

Fig.  72.  A.  venlricostu.  Inner  whorls  slightly  exposed ;  whorls  aboU 
three  ;  half  the  fourth  whorl  uuich  induled;  sides  ornamented  with  archc 
ribs,  that  arc  often  flattened  and  united  in  pairs  (u  they  poAS  over  the  iron 
which  in  the  last  whorl  has  a  furrow  along  it ;  aperture  circular,  large. 

Fig.  73.  A.  complus.     Inner  whorls  almost  wholly  exposed,  rapidly  in 
creating  in  size  ;  sides  flat ;  whorls  crossed  by  very  numerous,  sharp,  straigli 
radii,  which  terminate  in  obscure  spines  near  the  narrow  concave  front] 
aperture  oblong,  narrowest  towards  tne  front. 

Fig.  74.  A,  catenaliu,  Imier  whorls  much  exposed;  whorls  rapidly  ill 
creasing,  crossed  by  strong  curved  ribs,  which  cnlorge  as  they  approach  th 
margin;  front  ornamented  with  a  chain  of  hollow  squares ;  apertures  rath*) 
squai'e,  notched  by  the  preceding  whorl ;  the  hollow  squares  around  tl 
margin  united  by  two  of  their  angles  to  the  extremities  of  correspondii 
radii. 

Fig.  75.  A.  trapezoidalu.  Inner  whorls  exposed;  whorls  three  or  fouij 
rapidly  increasing  in  size,  crossed  by  many  prominent  nearly  equal  rill 
reaching  to  the  narrow  fi-ont;  aperture  trapezoidal,  indented  by  the  pr 
ceding  whorl ;  the  acute  angle  truncated  by  the  front. 

The  above  figures  are  all  of  the  natural  size  of  the  Amrnc 
nites.  The  remains  of  Ort/ioeaafitcs,  which  abundantly  ac 
company  the  Amnwiiitcs^  resemble  the  O.  Steinhaucri,  ibuni 
in  Uie  coal-measures  of  Yorkshire;  they  also  approach  th| 
O.?  elongatiis of  ihe  Dor aetsh'ire  Was,  Tne  remains ol  litU 
nites  consist  only  of  their  alveoles,  and  are  somewhat  coc 
mon. 

As  far  therefore  as  the  evidence  of  the  Ammonites  and  Or^i 
thoceratitcs  extends,  we  may  refer  the  hmestone  of  La  Spezii 
either  to  the  lias  or  the  coal-measures.  There  will  be  obser*-« 
a  curious  corresjiondence  in  the  organic  character  of  the  reel 
of  the  Savoy  and  Frencli  Al|>s  above  noticeiU  and  considere, 
as  lias  by  ^l.  Elie  tie  Beaumont,  with  that  of  the  limestones  of 
La  Spezio.  In  the  former,  coal-mt'asure  plants  are  found 
with  Bclrmnitcs ,•  in  the  latter,  coal-nieasure  jlmmojiites  also 
occur  with  Bdemnitcs.  Tlie  organic  character  of  the  oolitic 
group  in  the  Alps  is  far  from  being  well  ascertained,  and  the 
undescribed  organic  remains  found  in  the  same  series  of  the 
South  of  France  are  exceedingly  numerous,  so  that  it  may  be 
possible  to  discover  some  of  the  La  Spezia  Anunonites  in  both 
situations;  and  the  organic  remains  of  the  south-east  of  France, 
the  Alps,  and  La  Spezia,  may  hereafter  mutually  assist  in  de- 
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terminiDf;  the  relative  ages  of  the  rocks  in  ivbich  they  are 
discovered  *. 

The  dolomite  fonnd  nnioiii?  the  limestones  of  La  Spezia 
rises  so  perpciulicularlv,  that  it  miglit  be  considered  as  a  dyke 
elevating  the  strata;  while  nt  the siitne  lime  it  has  the  appear- 
ance of  an  included  bed,  or  series  of  beds.  J t  preserves  a  very 
)nstai!t  position,  and  extends  in  a  line  across  the  mountains 
)f  La  Castetlana,  Coregna,  Santa  Croce,  Parodi,  and  Ber- 
»nao,  towards  Pi^jnone.  M.  Laugier,  at  the  request  of  M. 
Wordier,  very  obligin<j^ly  made  for  me  Jin  analysis  of  some 
srystalline  dolomite  of  La  Castellana.  One  hundred  parts 
fwere  found  to  contain,— carbonate  of  lime,  55'36;  carbonate 
[of  magnesia,  41'30;  jieroxide  of  iron  and  alumine,  '2;  silica, 
[O'SO;  loss,  0-84. 

These  limestones  occur  on  the  other  or  eastern  side  of  ihe 

^Gulf  of  La  Spezia,  and  dolomitic  rocks  are  also  found  among 

[them.     The  mode  on  which  they  repose  on  the  older  rocks  is 

fparticularly  instructive,  and  is  well  seen  at  Capo  Corvo,  of 

which  the  annexed  wood-cut  is  a  section,  laid  bare  by  the  sea. 

Fig.  76. 
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G.  Gulf  of  La  Spezia-  M.  Embouchure  of  the  Magra,  a. 
Gray  compact  limestones  mixed  with  schist,  b.  Thick  beds 
of  gray  compact  limestone,     c.  Schist  with  mica.     d.  Thick 

'beds  of  hard  conglomerate,  containing  pieces  of  cjimrtz,  vary- 
ing from  the  size  of  a  pea  to  that  of  a  walnut,  luid  even  larger, 
agglutinated  by  a  siliceous  cement.     Two  or  ihree  beds  of 

>  coarse  sands  are  associated  with  this.  e.  The  same,  mixed 
with  chlorite  schist,  often  in  the  same  bed.  The  quartzose 
beds  contain  veins  of  specular  iron-ore.  J".  Brown  micaceous 
and  schistose  beds,  with  a  small  proportion  of  limestone,  g.  A 
mixture  of  brown  and  white  crystalline  limestone,  h.  Com- 
pact chloritic  rock.  i.  White  saccharine  limestone,  k.  Drown 
micaceous  beds.  /.  White  saccharine  limestone,  rendered 
schistose  by  mica.  m.  Brown  semi-crystaltijie  limestone, 
mixed  with  white,  n.  Micaceous  schist,  curving  round  to 
the  eastward. 

The  crystalline  limestones  ond  micaceous  schist  of  this  sec- 
tion would  seem  to  form  part  of  the  systet^  of  rocks,  which  in 

•  It  should  be  observed,  that  M.  Passini  stAteshe  has  discovered  rod  nra- 
monitiferous  limestones  in  tiie  itiidHt  of  sandstones  in  Tuscany^  which  he 
oouiiders  may  b«  referred  to  tlie  same  age  as  the  limestones  of  La  iJpexia. 
Journal  de  G^ologie,  t.  ii.  p.  98. 
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le  neighbouring  mountains  of  Massn  Cnrrara,  now  again 
known  by  tlie  name  ol"  Alpi  Apiiani,  furnishes  the  long  cele- 
brated Ciirrnrn   marbles.      Tlie  gray  limestones  appear  t^^ 
same  as  those  on  the  western  side  of  the  Gulf  of  Spezia;  bl^| 
instead,  like  them,  of  restin;^  upon  a  mass  of  sandstone,  they^ 
repose  upon  a  conglomerate,  seen,  between  the  mouth  of  ibe 
Magra  and  Ameglia,  to  become  far  more  developed  than  at 
the  Capo  Corvo  section,  where  it  is  in  some  manner  squeeze^j 
between  the  crystiilline  limestones  and  the  compact  gray  lir 
stones.     Amid  this  greater   ilevelopment,   which   appears 
mark  an  unconformable  su|)t'rpositio)i,  a  conglomerate  will  be 
observed  ipariitularly  on  the  shore  of  the  Magra\  closely 
sembling  tliat  coinmoidy  known  as  the  Vallursine  congloni^ 
nite,  ami  noticed  above, 

1  cannot  avoid  connecting  this  conglomerate,  and  ihati 
the  Lake  of  Como,  willi  the  conglomerates  and  sandstones  of 
the  Vallorsine  and  other  p;irts  of  the  Western  Alps,  and 
ferring  them  to  the  same  epoch  of  formation; — one  in  whi< 
water,  with  a  curtain  velocity,  ground  liown  portions  of  pr 
existing  rocks,  ami  which  was  succee<led  by  a  state  of  thinj 
wlien  a  great  abiindiuice  of  ciirbonate  of  lime  was  deposite 
This  deposit  appears  to  have  been  extensive,  not  only  in  tb 
Alps,  but  in  Italy;    and  in  both  situattous^  where  it  occii 
close  to  the  rocks  of  an  okler  date,  such  as  protogine,  gneis 
micaceous  slates,  associated  saccharine  niarl  le,   and   talcose 
rocks  of  thiit  age,  it  seems  to  be  separated  from  ihcm  by  sir 
which  mark  a  mechanical  origin.     As  we  nmy  suppose  grc 
inetjualities  to  have  existed  during  this  deposit,  anil  others  i 
nietJiately  jireceding  it,  we  may  perhaps  in  this  way  accoui 
for  the  almost  close  contact  of  the  gray  compact  limeston? 
with  the  saccharine  limestone  and  other  associateil  rocks 
Capo  Corvo,  while  on  the  western  siile  of  the  gulf  they  rest 
on  arenaceous  rocks  of  considerable  thickness,   wlilch  again 
repose  on  gray  siliceo-calcureous  schists  and  sandstones,  liiat 
extend  over  a  considerable  part  of  Liguria.     I  low  far  lh( 
beds,  which  separate  the  limeslones  of  the  Alps,  Liguria,  anj 
Tuscany,  may  be  equivalent  to  the  sandstone  (bund  beueat 
the  Has  in   Southeru  Germany  and  various  parts  of  Franc* 
may  perhaps  be  now  difficult  to  dclcrmine,  but  there  is  a  cec 
tain  general  resemblance  which  seems  to  point  to  that  cob 
elusion. 

Supposing  that  these  Italian  and  Alpine  limestones  do  r< 
prescni  the  oulillc  series  of  Western   Europe,  (and  it  seems 
very  possible  that  they  may  do  so,)  it  remains  to  account  for 
the  very  great  abundance  of  organic  remains  in  the  one,  oud^l 
their  very  great  scarcity  in  the  uilier.     it  has  often  struck  gea^| 
logists,  that  some  deposits  may  have  taken  place  in  shallow 
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I  and  others  in  deep  water.     This  mode  of  viewing  the 
ect  has,  if  1  mistake  not,  induced  M.  Elie  de  Beaumont 
pnsider  that  the  oolitic  series  of  the  Western  Alps  was 
jsited  in  a  deep  sea,  at  the  same  time  that  the  same  series 
in  Uie  course  of  formation  in  shallow  seas  in  other  places, 
•  observation  mny  be  extended  into  Italy  and   Greece, 
re  the  absence  or  very  great  scarcity  of  organic  remains 
lis  epoch  seems  to  alToid  it  sujiport.     That  great  inequa- 
f  existeil  at  all  periods  on  the  eartli's  surlace  it  seems  Jiiir 
>fer,  as  well  beneath  the  sea  as  on  land.     It  would  be  un- 
Osoj)liical  to  conclude  tliat  marine  aniinats  were  ever  more 
|l)]e  of  supportinfT  very  considerable  differences  of  pressure 
t  at  the  present  day.     Now  we  know  that  certain  kinds  of 
liie  animals,  particularl}'  some  Mvllusca  and   Conchijcroy 
Only  found  on  coasts  where  they  can  find  support  beneaih 
pderate  pressure  of  wjiter  ;  while  others,  such  as  the  Nau' 
ttc,  are  so  provided  with  floating  apparatus,  that  they  are 
pvered  in  parts  of  the  ocean  where  there  may  be  consider- 
I  depth.     We  have  only  to  consider  that  in  those  parts  of 
jttern  Europe  where  organic  remains  are  abundant,  shallow 
I  existed,  while  the  same  ocean  was  deep,  with  some  ex- 
90ns,  over  that  part  of  the  globe's  surface  where  we  find 
y  and   Greece,   and    an    explanation   would  seem   to  be 
fded,  not  only  of  the  abundance  of  shells  in  one  place,  and 
IT  scarcity  in  another,  but  also  of  ihe  kind  of  shells  tbund;for, 
fi^  camerated  shells,  such  as  Brk'mnites,  Ortkoceratites,  and 
ftonitcs,  have  been  principally  discovered   in   the  oolitic 
pi  of  central  Italy ;   in  other  words,  animals  capable  of 
laming  in   deep  seas*.      Organic   remains  are  not  only 
Ice  in  the  limestones  in  Italy,  but  also  in  the  sandstones  or 
ilgnos,  which  occur  in  great  thickness  above  and  beneath 
|B.     The  organic  remains  as  yet  noticed  in  these  sandstones 
\Fucoides,  marine  plants  which  may  easily  be  drifted  to 
^derable  distatjces,  as  the  Sargasso  Weed  now  is.      The 
^fences  of  depth  may  also  in  some  measure  account  for  the 
jsrent  niineralogical  structure  of  the  rocks  composing  the 
|jc  group  in  difierent  situations.     Still,  however,  the  ques- 
\  whence  all  this  great  mass  of  carbonate  of  lime  was  de- 
•^y  remains  unanswered.     To  attempt  to  account  for  it  by 
IDS  of  springs  neither  more  numerous  nor  abundant  thaa 
pe  we  now  see,  seems  quite  unphilosophical ;  and  to  con- 

iM.  Guidoni  states  in  a  memoir  publialied  in  tho  Nuovo  Giornflle  de 
^ti  de  Piiia,  1830;  and  the  Journal  de  Geulogie,,  1S31,  llial  he  hat  dis- 
ced in  the  limestone  of  La  Spczia,  not  only  a  variety  of  Amiiwnite*  re- 
ple  to  the  oolitic  group,  but  also  many  other  univalves  and  bivalves; 
kig  the  rest,  the  Gryphaa  arcuata,  Lam.  {G.  incurva.  Sow.),  which 
|d  appear  to  show  a  state  of  tbinga  at  that  place  more  rnemhling  the 
of  Wettero  Europe. 
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sider  it  entirely  due  to  anininis  which  have  separated  lime  froni 
the  water,  leavinj*  iheir  shells  protiuced  through  millions  of 
ages  to  be  gradually  converted  into  limestone,  appears  also  a. 
cause  inadequate  to  the  effect  required,  though  it  cannot  be 
denied  that  the  mass  of  many  limestones  is  nearly  made  up  of 
organic  remains.  With  every  allowance  for  the  limestone  de- 
posits of  the  oolitic  series  formed  by  springs  and  organic  bodies, 
there  remains  a  mass  of  calcareous  matter  to  be  accounted  for, 
distributed  generally  over  a  large  surface,  which  requires 
a  very  general  production,  or  raiher  deposit,  of  carbonate  of 
lime,  contemporaneously,  or  nearly  so,  over  a  great  area. 

It  appears  from  the  lists  of  fossils  discovered  in  the  rocks  of 
the  oolitic  group*,  that  our  knowledge  of  the  vegetable  re- 
mains is  too  limitetl  to  enable  us  to  form  any  general  conclu- 
sions respecting  tliem.  Mammalia  have  been  found  in  one 
locality  only,  Stonesfield  ;  where  there  are  the  remains  of  more 
than  one  species  of  Didelphis.  Pterothictylcs  have  been  dis- 
coveretl  at  Solenhofen,  where  there  would  appear  to  be  many 
species;  and  at  Lyme  Regis,  where  diere  is  another  species 
found  also  at  Bauz,  in  Bavaria.  The  rem.nins  ol  thi!«  strange 
genus  probably  a! so  occur  at  Stonesfield.  The  Macrospondyli, 
nearly  allied  lo  Crocodiles,  are  found  in  Northern  France  and 
Gernumy.  The  Teleosaurus  is  discovered  near  Caen,  Nor- 
mandy. The  Megalosaurus  is  Ibund  in  Oxfonlshire,  in  Nor- 
mandy, and  near  Besanpon.  The  Geosaurus  has  as  yet  been 
noticed  only  in  the  lias  of  Wurtembcrg,  and  in  the  Solenhofen 
beds.  Two  species  of  Lacerta  are  discovered  in  the  Solen- 
hofen beds,  which  also  contain  the  remains  of  die  genera 
i^lotlon,  Rhacheosaurus,  and  Pleurosaurus.  Ichthyosauri 
and  Plesiosauri  would  appear  to  have  been  somewhat  widely 
distributed,  and  to  have  existed  during  the  formation  of  the 
whole  oolitic  series.  Neither  Pterodactyles,  Crocodiles,  nor 
any  of  the  above-noticed  reptiles  have  as  yet  been  detected  in 
the  oolitic  deposits  of  Southern  France,  of  the  Alps,  or  of 
Italy.  Tortoises  have  been  noticed  in  England  and  Germany. 
Fish  would  appear  to  be  by  no  means  rare  ;  those  of  Germany, 
however,  have  only  been  examined  with  attention.  Insects 
have  been  detected  in  the  oolite  of  Stonesfield  and  at  Solen- 
hofen. Polypifers  occur  in  considerable  abundance  in  parti- 
cular places,  more  especially  in  the  beds  which  have  been 
nametl  Coral  Rag,  and  in  the  upper  part  of  the  great  oolite, 
which  has  tlius  obtained,  in  Normandy,  the  name  of  Culcaire  a 
Polypiers.  Of  Radiaria,  tlie  genera  detected  in  the  oolitic 
eeries  are  numerous,  consisting  of  Cidaris^  Echimis^  Gahiites, 
difpeastcvj  Nuclcolites,  Ananch^tes,  Spatarigus,  Cij/paiSf  En- 


■  See  lists  at  the  end  of  tbe  volume. 
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crinites.,  Eugcfiiucrinites,  yipiocrirtifcs,  PcntaainiteSy  Solatio- 
criui/eSi  liJiodocriniieSy  Comalula,  Optima,  and  Asteiias, 

Respeclirif;  the  shells,  the  following  summary  will  show  some 
of  those  that  have  been  discovered  in  the  same  division  of  the 
oolite  series*,  in  more  than  one  moderately  distant  locality; 
and  the  places  where  they  have  been  observed  will  be  found 
by  reference  to  the  list  of  oolite  fossils. 

Firr.  77, 


^ 


Fig.  78.  Fig.  79. 

Kimmei'idge  Clay. — Ostrea  ddtoidca  (Fig.  78.),  a  very  cha- 
racteristic shell  ill  England;  Gryphcca  virgida  (Fig.  77.)»  a 
characteristic  shell  of  tliis  part  of  the  oolitic  series  in  France; 
Pinna  granulata ;  Trigom'a  clavellata ;  T.  costafa .-  3/ya  de- 
ressa;  Pholadomifa  aatticostata;  Pteroccras  Ponii. 


V 


Coral  Rag. — Ostrea  gregarea ;  Pectai  Lens ;  P .  inarquicos- 
talus;  P.  vimimtiS;  P.  vagnns;  Lima  rudis.-  Plagiostoma 
rusiiaim ;  P.  Iccviusculum  ,-  P.  rigidum ;  Modiola  biparlita  i 
GaTilliaaviculoides:  Trigonia  costata s  T.  clavellata;  Turbo 
rmtricatuSi  Trochus  Tiara ;  Mclania  Heddingtonaisis ;  M.  stri- 
ata; Ammonites plicatilis;  A.  vcrtebralis ;  A.  Sut/ierlandice. 


Oxford  Clay. — Terebraltda  ornithocephala ;  Ostrea  pal- 
metto; O^  Marsha ;  O.gregarca;  Gri/p/i(€a  dilatala  {Vig.  79.), 
a  very  characteristic  shell  in  England  and  France ;  Pectenji- 
brosus;  P.  LenSf  Gcrviilia  aviadaidcs;  Trigonia  clavellata; 
T.  costafa :  Ammonites  armatus;  A.  Kceiiigi ;  A.  Calloviensis i 
DuHcani;  A.  stibltrvis ;  A.  plicatilis ;  Patella  latissima. 

Compound  Great  Oolite,  including  Fuller's  Earth,  Great 
Oolite,  Bradford  Clay,  Forest  Marble,  and  Cornbrash,- — Tr-' 
rebratida  subrotwida .-   T.  intermedia;  T.  digona  ;   T.  obsoleta; 


•  The  itiidenl  will  have  tioliced,  that  in  the  list  of  oolite  fossils,  the  same 

■hell  is  stated  to  buve  been  diHcuveri'd  in  placet  distant  from  eacli  other,  but 

I  in  variou*  beds.     Such  sluUs  .'ire  not  here  eiiuiiicnitcd ;    find  it  may  be 

ioueitionable  how  far  some  of  ihusc  stated  tu  be  found  in  remote  situationt 

Ui  e<juivalent  strata  may  really  he  so ;  for  conclusions  respecting  the  smaller 

'ivtaions  of  the  oolite  frequeutlv  appear  much  forced. 
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T.  reticulata;  T,  globata;  T.  coarctato:  T.  media t  Osina 
Mars/iii;  O,  costnta;  O.  acuminata;  Pectcn  fibrostis;  Pla^ 
ostomacardiijonne;  Avicula  echinata ;  Av.costafa;  Limai 
bosa ;  Modiola  imbricata  ;  Pcrnu  quadrata  ;  Trigouia  clax 
lata;  T.  costala;  Nucula  variabilis i  Isocardia  concetttrica; 
Patella  rttgosa. 

Inferior  Oolite  with  its  Sands. — Tcrcbratula  spharoidah 
T.  ornithocephala ,'  T.  obsolela;  T.  media;  T.  concittua; 
buUata;  T.  emarginata ;  T.  jmnctata;  T,  resupinato; 
ovoides;  Gufphcea  Ci/mbium ;  Pecten  Lens;  Avicula  iruequi- 
valvis;  Lima  proboscidea :  L.gibbosa;  Plagiostoma  gigantetm ; 
P.  punctatum ;  Modiola  plicata  ;  Trigouia  clavellata  ;  T.stri' 
ata !  T.  costata;  Isocardia  concentrica ;  Cardita  similis;  C 
luntdata :  Astartc  cxcavala ;  Mya  V  scripta ;  Mt/oconchu 
crassa;  Melauia  Ileddingtonaisis ;  M.  lineata;  Turbo  orna- 
tus;  Trochus  arenosus;  T.Jascialus;  T.  promincus ;  T.  punc- 
tatus;  T.  clongatus ;  T.  abbreviatus ;  T.  Tiara;  T.angtdalui; 
T.  duplicatus;  Pleurotomaria  ornata;  Ammonites  l<eviuscrdus: 
A.  discus ;  A.  contractus;  A.  Blagdcni;  A.  Brocchii ;  A.ac 
ius;  A.Stokesii;  A.  Murchisontc ;  A.  Braikeuridgii i  A.' 
gans;  A.  annulatus;  A.  Par/nusoni ;  Nautilus  lincatus; 
obesus;  Delemnitcs  compressus. 

Fig.  80.     Fig.  81.     Fig.  82.        Fig.  83. 


Fig.  84.  Fig.  85. 

Lias. — Spirifcr  Walcotii  (Fig.  85.),  a  very  characteristic 
shell;  Tcrcbratula  oj-nithoccpkala ;  T.  acuta;  T.  tetracdra; 
T,  punctata  ;  T.  iri plicata  ,•  T.  bidcns ;  T.  scrrata  ;  Giypkcta 
incurva  (Fig.  81.),  a  very  characteristic  shell;  G.  obliquata ; 
G.  gigaiUea ;  G.  Macadlochii .-  Plicatula  spinosa  ,•  Pecten 
ecquivalvis ;  /".  barbatus ;  Plagiostoma  gigantcum  (Fig.  82.); 
p.  punctatum  ;  P.  Hcrmanni ;  Lima  antiqna  ;  Avicula  in- 
aquivalvis  {Y\g.  S^.) ',  A.  cygnipes ;  Inoceramus  dubius ;  Mo- 
diola Scalprum ;  M,  Hillana  ;  Unio  crassissimus ;  Amphidesvta 
rotundatipii ,-  Pholudomya  ambigua  ;  Troc/ius  Augliats :  T.  im' 
bricatus ;  Belemnites  sulcatus ;  B.elongatus;  B.  apicicutvatus ; 
B.  pistilliformis ;  Ammonites  Walcotii  ( Fig.  80.),  character- 
istic ;  A.Jimbriatus  ;  A.  Henlcii  .•  A.  communis  ;  A.  planicos- 
tatus  f  A.Jakifer  ;  A.  hcterophyllus  ;  A.  brcvispina  ;  A.  Jamc- 
soni ;  A.  Turncri ;  A.  stellar  is;  A.  Bticklandi  {J:  ig.  S$.)t  cha" 
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jlic;  w7.  olifKsus ;   /f.  Slokesii  {A.  Ainnltheus)  ;  A.  sig' 
A.  Conybcari ;  A.  concavus  .-  A,  I lumphrcsiantui ;  A. 
Birchii  ;  A.  liechii ;  Nautilus  lineatiis. 

Although  this  list  may  assist  the  student,  so  far  as  to  show 
Uie  shells  stated  to  be  found  in  the  same  rock  in  various  situ- 
Trtioiis,  he  must  be  cautious  in  referring  any  particular  beds, 
wherein  he  may  iletect  any  (tl  tlie  aliove  remains,  to  the  rock 
under  tlie  henil  of  which  such  leniatns  are  here  noticed  ;  but 
rather  look  at  ihe  general  character  of  all  the  shells  lie  may 
id  in  such  beds,  and  thence  inter  (lieir  probable  similarit}-, 
^et  with  much  reserve,  when  the  type  and  the  rock  considered 
equivalent  to  it  are  far  distant  from  ench  other. 

The  following  suninuiry  will  convey  an  idea  of  tlie  genera, 
with  their  respective  nuuiber  ot  species,  stateil  by  various  au- 
lors  to  Iiuve  been  discovered  in  the  beds  of  tlie  group  under 
Misitleration. 

Plantce. — Fucoides,  3 species;  E<]uisetum,  1  ;  Pachypteris, 
\\  Pecopteris,  G;  Sphsnopteris,  5;  Tn-niopteris,  2;  Cyclo- 
bteris,  S ;   Glossopteris,   1;  Neuropleris,  'i;  Lycopodiles,  1 ; 
terophyllum»  4  ;  Zaniia,  1 1 ;  Zamites,  4  ;  Thuytes,  4  ;  Tax- 

I  ;  Buckhtndia,  I  ;  Maniillnria,  1. 
Zouphtjta. —  Achilleum,  (i  ;  Manou,  3;  Scyphia,  41  ;  Tragos, 
>;  Spongin,  2;  Alcyoniuni,  1  ;  fnefnidiuni,  9;  Lirnnorea,  1 ; 
Siphonia,  1;  Myruiccium,  1;  Gorgonia,  1;  Millepora,  6; 
Madrepora,  1  ;  Cellepora,  2;  Retejiora?  I  ;  Flustra,  I  ;  Ce- 
riopora,  9  ;  Aguricia,  :i ;  Lilhodendron,  .*J ;  Caryophyltia,  7; 
Aniiiophylluni,  ;J ;  Fiingia,  2;  Cyclulites,  I;  Turbiiiolia,  2; 
Turbinoltipsis,  1  ;  CyaihophvUum,  G;  Meandiina,  5;  Astrea, 
Is ;  Thaiiiiiasleria,  1;  Autopora,  3 ;  Entalopora,  1;  Favo- 
Ites,  i;  .Spjropora,  4;  Eunoniia,  I  ;  C^rysaora,  2;  Theonoa, 
;  Idmonea,  I;  Alecto,  ];  llerenicca,  1;  Terebellaria,  2 ; 
*llari.i,  1  ;  Sarciiudit,  1  ;   Intricarta,  1. 

Radiaria. — Cidaris,  18;    Echinus,  G;    Galerites,  3;    Cly- 

easler,   1;    Niicleolites,  G;    Annuchytes,   1;    SfJalungus,  4; 

Jlypeus,  G  ;   Encrinites,  2;  Eugeniacrinites,  6  ;  Apiocrinites, 

Pentacrinitcs,   14;    SoJanocrinites,  3;    Hhodocriiiiles,  1; 

>matuln,  4;  C>|)hiura,  3;  Asteria.';,  8. 

Anmdnla, — Lunibricaria,  G;   Serpula,  53. 

Conchi/ha. — Spirifcr  or    DeJlhyris,   3;    Terebratula,   59; 

Orbicula,  3;   Lingula,  1  ;  Ostiea,  28;   Exogyra,  3;  Grypha'ai, 

B6;   Plicalula,  4  ;   Pecten,  28  ;   Monotis,  4;   Plagiostonui,  18  ; 

Bf^osidoiiia,  I;   Lima,  5;  Aviculu,   12;  Inoceramus,  1;  Ger- 

villia,   7;  Pernji,  3;  Crenatula,   I;  Trigonellites  [Phil,\  2; 

^inna,7;  MytiUis,  C;  Modiola,22;  Lithodomus,  1 ;  Cluinia, 

Unto,  6;   Trigonia,   J5;    Nucula,  18;    Pcctunculus,  2; 

Lrca,  7;  Cnculkea,  14;   1  Iippo(Jiuin,  I;   Isocardia,  11;  Car- 

iUy  3 ;    Cuuliutu,  1 1 ;    Myocoucha,   1  ;    Astarle^  ^  \  Cru^- 
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sina,  7;  Venus,  J  ;  Cytheren,  i;  Pullastra,  2;  Dooax^  9; 
Corbis,  'J;  TelJina,  2;  Psnnimobia,  1;  Liicina,  4-;  Sangui- 
nolaria,  2 ;  Corbula,  4- ;  Mactra,  1  ;  Ampliidesma,  5 ;  Lu- 
traria,  1  ;  GastrocliBena,  1  ;  Mya,  8 ;  Pholadomya,  20 ;  Pa- 
nopaea,  1 ;  PItoIas,  2. 

Mollusca. — Dentalium,  2;  Patella,  8;  Emarginula,  1;  Pi- 
leolus,  1  ;  Bulla,  1  :  Helicina,  4;  Auricula,  1  ;  Melanea,  5; 
Paludina,  1;  Anipullaria,  1  ;  Nerita,  4:  Natico,  5;  Verme- 
tus,  2;  Delphinuln,  1;  Solarium,  2;  Cirrus,  5;  Pleuroto- 
niaria,  3;  Trochus,  21;  Rissoa,  4;  Turbo,  8;  Phasianella, 
2;  Turritella,  5;  Nerinaea,  6;  Cerilhiura,  3;  Murex,  2; 
Rostellaria,  3;  Pteroceras,  S;  Actaeon,  5;  Buccinum,  1; 
Terebra,  4;  Belemnites,  65 ;  Orthoceratites  ?  1;  Nautilus, 
10;  Hamites,  1;  Scaphites,  2 ;  Ainmonites,  173;  Aptychus, 
4;  Onychoteuthis,  I;  Sepia,  I. 

Cnistacea. — Pagurus,  1;  Eryon,  4j  Scyllarus,  1  ;  Palse- 
mon,  3;  Astacus,  6. 

Jnsccta. — Libellula,  1 ;   TEscbna,  1 ;   Agrion,  1 ;   Myi 
ieon  ?  1 ;  Sirex  ?  1 ;  Solpaga  ?  1 . 

Pisces. — Dapetlium,   1;  Clupea,  5;  Esox,  2;    Uraeus, 
Sauropsis,  1;  Ptychoiepis,  1;   Semionotus,  1  ;  Lepidotes,  3; 
LepLolepis,  3  ;  Tetrngonolepis,  4. 

Reptilia. — Pterodactylus,  7 ;  Macrospondylus,  1  ;   Croco- 
dilus,  3;  Teleosaurus,   1;  Megalosaurus,  1;  Geosaurus,  2; 
Lacerta,  2 ;  lihacheosaurus,  1  ;  /Elodon,  1  ;  Pleurosaurus,  I H 
Plesiosaurus,  6;  Ichtbyosaurus,  4;  Tortoise,  1.  I 

Mammalia. — Didelphis,  2  *. 

T'hus  making;  Plant (Vy  17  genera,  SI  species.  Zoophyta, 
43  genera,  175  species.  Radiaria,  17  genera,  94  species. 
Annulataf  2  genera,  69  species.  Conchi/croy  55  genera,  406 
species.  Molluscoy  39  geuera,  372  species.  Crustaceoy  5  ge- 
nera, 15  species,  //w^c/a,  G  genera,  G  species.  PisceSy  10  ge- 
nera, 22  species.  Reptilia,  13  genera,  31  species,  Mamma- 
lioy  1  genus,  2  species. — Total  208  genera,  1233  species. 

Although  tliis  summary  cannot  be  considered  as  strictly  ac- 
curate, liiu  present  state  of  our  knowledge  respecting  organic 
remains  rendering  the  catalogues  of"  those  contained  in  any 
series  of  beds  imperfect,  it  may  still  be  useful  as  an  approxi- 
mation to  the  truth,  and  as  aflbrding  a  general  view  of  tlie 
fossils  stated,  for  tlie  most  part  by  tJiose  now  considered  as 
good  authorities,  to  have  been  discovered  in  ilie  group  under 
consideration. 

It  has  been  above  remarked,  that  the  surface  on  which  the 

•  When  the  genus  has  heen  Doticcd,  and  the  species  is  represented  ai 
undelermined  in  the  lists  at  the  end  of  i\w  vuluine,  tlie  genus  has  l>cen  con- 
sidered to  have  only  one  siiecics  in  this  summary.  Two  species  have  been 
assigaed  to  Didelphis,  a«  tli«re  «ccms  little  doubt  of  that  fact. 
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litic  group  was  ilfpositeil,  was  probably  at  very  various 

depths  beneall)  ihnl  oltlic  sen;  and  that  even  durinin  the  de- 
K posit  itself,  the  sea  varied  in  depth  over  the  sume  point,  in 
jB'con sequence  of  ujovemeiitsi  i]i  tiie  lund.     The  nature  of  tiie 

organic  remains  also  points  to  the  proximity  of  dry  land  in 
^KOme  places,  while  it  may  have  been  comjiaralively  remote  in 
^•Others.  It  does  not  seem  unphilosopliical  to  infer  that  the 
^bays,  creeks,  estuaries,  river>i,  aiul  dry  land,  uere  tenanted  by 

animals,  each  fitted  to  tlie  situations  wiiere  it  ctnild  feed,  breetl, 
Kand  defend  itself  from  the  attacks  of  its  enennes.  That  Strang©, 
^r^^ptile  the  Ichthyosaurus*  (one  species  of  which, /.jj/a/j/ot/o/% 

■was  of  a  large  size,  the  jaws  being  strong,  and  occasionally 
^ eight  feet  in  length,)  may,  from  its  form,  have  braved  the 
^■ivaves  of  the  sea,  dashing  llirough  them  as  the  Porpess  now 
I      does;  but  the  Plesiosaurus,  at  least  the  spt-cies  with  the  long 

neck  {P.  dutidiodcirusy  fig.  87.)t»  would  be  better  suited  to 

Fig.  86. 
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•  It  is  attempted  in  the  annexed  wood-cut  (tig.  Sti,),  to  convpy  »ii  idea 
of  the  probable  form  of  /.  commun'u,  and  oi"  xhe  head  of  /.  Unuiro*tris. 
The  former  i«  represented  on  dry  land,  where  probably  it  never  reposed,  for 
(he  purpose  of  exhibiting  its  fonn. 

t  The  animal  is  represented  in  the  act  of  catching  a  PUrodactylt,     It  i» 


have  fished  in  shallow  creeks  and  bays,  defended  from  heaty 
breakers.  The  Crocodiles  were  probably,  as  their  congeners 
of  the  present  day  are,  lovers  of  rivers  and  estuaries,  aiul  like 
them  destructive  and  voracious.  Of  the  various  reptiles  ot" 
this  period,  tfie  Ichthyosaurus,  particularly  the  /.  platyodon^ 
seems  to  have  been  best  suited  to  rule  in  the  waters,  its  power- 
ful and  capacious  jaws  being  an  overmatch  for  those  of  the 
Crocodiles  and  Plesiosauri.  Tlianks  to  Professor  Auckland, 
we  are  now  actjuainted  with  some  of  the  food  upon  which  these 
creatures  lived:  their  fossil  fu:'ces,  named  Coprolites^  having 
nirordeil  evidence,  not  only  that  they  devoured  fish,  but  each 
other ;  the  smaller  becoming  the  prey  of  the  larger,  as  is  abun- 
dantly testified  by  the  undigested  remains  of  vertebrce  and  other 
bones  contained  in  the  coproiites*.  Amid  such  voracity,  it 
seems  wonderful  that  so  many  escaped  to  be  imbedded  in  rocks, 
and  after  the  lapse  of  ages  on  ages  to  tell  the  tale  of  their  exist- 
ence as  former  inhabitants  of  our  planet.  And  strange  inha- 
bitants tliey  undoubtedly  were :  for,  as  Cuvier  says,  the  Ich- 
thyosaurus has  iJie  snout  of  a  dolphin,  the  teeth  of  a  crocodile, 
the  head  and  sternum  of  a  liicard,  the  extremities  of  cetacea 
(being,  however,  four  in  number),  and  the  vertebrae  of  fish ; 
while  the  Plesiosauras  has,  with  the  same  cetaceous  extremi- 
ties, the  head  of  a  lizard,  and  a  neck  resembling  the  body  of  a 
serpentf. 

It  is  almost  needless  to  remark  that  these  two  genera  have 
disappeared  from  the  surtitce  of  our  planet ;  and,  as  the  stu- 
dent may  have  collected  from  the  various  lists  of  organic  re- 
mains, even  previous  to  the  deposit  of  the  supracretaceous 
rocks,  at  least  as  far  as  regards  Europe. 

The  vegetable  remains  have  been  accumulated  in  particular 
places,  such  as  Yorkshire,  Brora,  and  parts  of  Germany,  at 
about  the  same  period.  Circumstances  therefore  must  have 
existed  at  such  situations  not  common  to  the  whole  area. 
These  dejwsits  do  not  seem  the  result  of  violence;  for  the  ve- 
getables are  well  preserved,  as  %  like  the  horttis  siccus  of  the 
botanist,  for  the  purpose  of  examination.  By  their  aid  we  learn 
that  the  vegetation  which  then  clothed  some  parts  of  this  por- 
tion t)f  our  planet,  no  longer  resembles  that  which  we  now  see, 
but  one  widely  different.  Perhaps  we  may,  in  anticipation, 
look  forward  to  times  when  the  geologist  may  speculate  on 


figured  M  swimming  high  above  the  wator  for  the  purpose  of  chowing  iti 
jfctiefHl  form.  It  more  probably  swam  beneath  the  surface,  in  the  manner 
of  crocodiles,  which  would  enable  it  the  better  to  support  it3  great  length  of 
nork. 

•  For  am  interesting  account  of  Coproiites  and  their  content*,  see  Buck- 
laud'i  Memoir,  Geol.  Trant.  2nd  series,  vol.  iii. 

f  Cuvier,  Om.  Foisiles,  t.  v.  This  notice  of  the  Plesiosaunu  applies  mor» 
particularly  to  P,  dolickodeirut. 
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the  proximity  of  certain  lands  near  places  where  the  abundant 
remains  of  vegetables  and  certahi  animals  would  seem  to  point 
to  such  conclusions,  even  though,  from  the  various  movements 
in  the  land,  no  part  of  such  ancient  continents  or  islands  may 
now  appear  on  the  surface.  We  of  the  present  day,  however 
desirous  we  may  he  to  elucidate  this  subject,  seem  to  possess 
too  few  data  to  proceed  in  the  itujuiry.  One  thing,  however, 
the  student  should  bear  in  mind  :  he  must  not  consider  that  all 
older  rocks  in  the  vicinity  of  oihers  of  more  recent  origin, 
though  now  rising  in  mountains  high  above  them,  necessarily 
formed  the  dry  land  previously  to  thedeposit  of  the  newer  rocks: 
for  amid  the  various  surface- changes  that  have  been  effected, 
such  older  rocks  have  frequently  been  upheaved  after  the  for- 
mation of  the  more  recent,  as  is  shown  by  the  mode  of  strati- 
»£catlon  near  the  junction  of  the  two,  the  one  being  tilted  up 
with  the  other.  We  may,  perhaps,  more  closely  approach  the 
truth,  wlien  we  find,  as  in  Normandy,  the  oolitic  group  resting 
quietly  on,  and  surrounding,  disturbed  older  strata;  so  that  in 
that  country  (and  the  same  observation  applies  to  other  situ- 
ations) we  may  conceive  the  sea  in  which  the  oolitic  rocks  were 
formed,  to  have  batlicd  the  slaty  and  granitic  districts  of  Nor- 
f  4nandy  and  Brittany. 

Fig.  88. 
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Scale  ^  i  of  nature. 

ose  strange  flying  creatures,  the  Pterodactyles,  must  have 
sported  on  dry  land,  probably  subsisting  on  insects,  sucli, 
among  others,  as  that  figured  above,  which  was  obtained  by 
Mr.  Murchison  from  the  quarries  at  Solenhofen,  where  the 
remains  of  Pterodactyles  are  also  tliscovered. 

That  the  Pterotlactyles  should  be  scarce  fossils,  is  what  we 
might  expect,  for  the  circumstances  favourable  to  their  preser- 
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vation  must  luive  been  extremely  rare.  Even  supposing  III 
they  dusfitd  out  t(»  sea  In  pursuit  uf  llieir  insect  prey,  there 
must  have  been  a  combination  of  Ibrtunate  acciilents  to  have 
preveuled  the  Plerodactyles  and  their  intended  prey  from  being 
devoured  by  tlie  fish  iirid  other  inliabitants  of  tiie  sea,  among 
the  exuvice  of  which  their  remains  are  now  detected. 

It  is  curious,  and  seems  to  establish  a  connexion  between 
the  insects  and  the  Pterodaclyles,  that  in  the  spot  wl»ere  the 
remains  of  the   hitter  are  most  abundant  (Soienhofen),   the 
greatest  quantity  of  fossil  insects  yet  noticed  in  the  ooHtic 
group  has  been  detected.      At  Stonestield  also,  where  the  re^^ 
mains  of  insects  are  stated  to  have  been  discovered,  the  exuvi^H 
of  Pterodiictyles,  according  to  Prof.  Buckland,  are  also  ol^^ 
served.     Not  so,  however,  with  tlie   Pterodactyle  of  Lyme 
Regis,  whose  remains  are  mixetl  with  those  of  Ichthyosauri 
and  other  marine  animals^  and  where  insects  liave  not  yet  been 
detected.   But  when  we  consider  the  abundant  exuviae  of  Plesi- 


osauri,  perhaps  we  may  not  err  giently,  in  considering  dt 
land  not  very  far  distant  from  the  spot  where  we  now  fii 
bones  entombed.  Be  the  case  as  it  may,  a  Pterodactyl 
in  a  sea,  amid  Ichthyosauri  and  other  voracious  creatures, 
must  liave  luul  but  a  slight  chance  of  escape;  and  geologists 
should  be  grateful  that  any  combination  of  circumstances 
should  have  so  far  prevailed,  as  to  permit  the  preservation  of 
even  a  single  individual,  to  show  us  the  strange  terrestrial 
creatures  that  then  existed. 

In  the  lias  of  Lyme  Regis,  the  Ichthyosauri,  Plesiosauri, 
and  many  other  animals,  seem  to  have  suffered  a  somewhat 
sudden  death  ;  lor  in  general  the  bones  arc  not  scattered  about, 
and  in  a  detached  state,  as  would  liappen  if  the  dead  animal 
had  descemlcd  to  the  bottom  of  tlie  sea,  to  be  decomposed,  or 
devoured  piecemeal,  as  indeed  nvight  also  happen  if  the  crea- 
ture tloalcd  for  a  time  on  the  surliice,  one  animal  devouring 
one  part,  and  another  carrying  off  a  difTerent  poition;— on 
the  contrary,  the  bones  of  the  skeleton,  though  frequently 
compressed,  as  must  arise  from  the  enormous  weight  to  which 
they  have  so  long  been  subjected,  are  tolerably  connected, 
frequently  in  perfect,  or  nearly  perfect  order,  as  if  prepared  by 
the  anatomist.  The  skin,  moreover,  may  sometimes  be  traced, 
and  tlie  compressed  contents  of  the  intestines  may  at  limes  be 
also  observed, — all  tending  to  show  that  the  animals  were  sud- 
denly destroyed,  and  as  suddeidy  preserved.  Not  only  hiu* 
this  apparently  huppened  to  these  reptiles  which,  brealliing  ai|  " 
might  under  favourable  circumstances  be  drowned  simultauj 
ously  in  great  numbers,  but  also  to  the  molluscs,  to  which 
constani,  or  nearly  constant,  immersion  in  water  is  absolutely 
necessary.     Among  the  iiiultitude  of  Animouites  dijjcuvcrcd . 
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le  lifts,  I  Iiave  oflen  observed  individuals,  of  which  the  large 
terminating  chamber  of  the  last  whorl,  wliere  the  body  of  the 
»aiiimal  seems  to  have  been  placed,  was  hollow  for  half  its  di- 
stance upwards  towards  the  aperture  or  mouth,  as  if  the  ani- 
mal, when  overwhelmed,  had  retreated  as  far  as  possible  into 
this  part  of  the  shell,  so  that  the  muddj  matter  was  prevented 
from  completely  filling  iu  This  idea  is  rendered  more  pro- 
bable from  the  condition  of  llie  calcareous  matter  filling  the 
remaining  jiart  of  the  great  cavity,  which  is  exceedingly  bitumi- 

^08,  as  would  ha}ipen  from  the  decomposition  of  the  animal 
thin  the  remainder  of  the  chamber. 

The  student  should  not,  from  wiiat  has  been  above  remarked 
jspecUng  the  lias  at  a  particular  point,  Lyme  Regis,  consider 
lot  such  observations  are  applicable  to  the  same  rock  gene- 
illy ;  or  even  that  the  lias  of  Lyme  Regis  has  sudtlenly  been 
jroduced  in  its  whole  thickness  at  once:  on  the  contrary,  the 
varies  materially  at  different  pointJi,  as  we  should  expect  it 
do,  from  different  local  causes;  and  tlie  lias  of  Lyme  Regis 
ears  evidence  of  successive  deposition,  in  part  during  a  state 
'comparative  tranquillity,  and  partly  in  consequence  of  a  se- 
ries of  small  catastrophes,  suddenly  destroying  the  animals  then 
usting  in  particular  spots.  One  observation  is,  however, 
lecessary,  and  it  will  be  oiten  a])plicHble  to  other  parts  of  the 
)Iittc  rocks  in  various  situations, — ilmt  diu'ing  the  formation 
"  the  lias  in  this  part  of  England,  there  has  been  a  certain 
change  in  the  animal  life  of  the  same  place.  Thus  die  animals 
and  shells  in  the  upper  part  of  this  rock  difler  in  the  mass 
from  those  in  the  lower  portion.     Very  frequently,  also,  par- 

tlicular  strata  aflbrd  certain  organic  remains,  while  all  others 
«re  exceedingly  rare. 

Notwithstanding  the  temptation  to  treat  of  the  j)robable 
circumstances  that  have  nccomjianied  the  deposit  of  a  particu- 
lar rock,  even  within  the  distance  of  a  few  miles,  we  must 
abstain,  as  it  would  lead  us  into  detail  not  compatible  with  this 
work.  It  may,  however,  be  remarked,  that  dje  destruction  of 
■j^e  animals,  whose  remains  are  known  to  us  by  the  name  of 
"Beleranites,  was  exceedingly  great  at  this  place.  When  the 
upper  part  of  the  lias  was  deposited,  multitudes  seem  to  have 

Perished  simultaneously,  as  is  attested  by  a  bed  ciwnposed  of 
Itle  else,  beneath  Golden  Cap,  a  clifl"  between  Lyme  Regis 
and  Bridport  Harbour.  Not  only  are  millions  entombed  in 
this  bed,  but  in  the  upper  part  of  the  lias  generally.  The  pro- 
duction of  such  a  bed  would  seem  by  no  means  tlifficult ;  for 
»we  have  only  to  consider  the  occurrence  of  some  circumstance 
destructive  to  molluscous  creatures  in  the  fluid  containing,  or 
odierwise  carrying,  the  belemnitcs, — such  as  might  happen  to 
those  swarms  of  mollusca  which  soinelimcs  surround  the  navi- 


GttHlJK 

the  floating  animal  mass/ii 

cwmadly  descenti  to  the  bottom  ;  ai  least 

■i  ifce  pretiaceous  aiiinmls,  which  indeed 

irfcrlbe  circumstance,  whatever  it  was, 

MOOSCDus  animals.     Suppose  n  multi- 

cuiie-lish  to  be  suddenly  killed  by  the 

minnce  into,  water  charged  with'  car- 

i  bones,  as  they  are  commonly,  termed, 

cr  a  common  surface  after  the  decom- 

■■■■B,  which  were  not  likely  to  fall  a  prey 

i;fcr  ibose  wliich  were  not  destroyed  with 

'  1  avoid  the  water  so  charged  with  carbonic 

af  the  has  of  this  place  occur  in  two  tlifler- 

r  •■«  showing  that  they  Imve  been  scarcely  in- 

■»  wrre  imbedded ;  the  other  seeming  to  iwint 

Mvood  into  jtaiks,  the  small  branches  trtifl^| 

mM^^KwhmA  been  broken  either  during,  or  previous  t^^ 

"      Taese  famer  most  frecjuenlly  occur  in  argUlo-cai- 

bfes  often  of  large  size  :  but  tlie  nodules  are  not 

BBCfttions;  on  the  contrary,  both  these  notlules 

~t frequently  envelope  the  Ammonites  and  Nautili 

beds,  are  fissile,  the  line  of  the  laminm 

I  to  that  of  tlie  general  stratification;  so  that  thou<r|i 

,  particularly  tho-e  containing  Ammonites  ami 

1^  al<e  spheroidal,  their  fracture  is  lamellar;  and  a  suc- 

I  Mqv  ia  the  line  of  the  laminn?,  through  the  centre,  dis- 

(fttwN^  noC  unfrcquently  a  fish. 

kiilga  TBTj  interesting  inquiry  to  ascertain  the  chemical 
dT  omtntc  remains  entombed  in  various  rocks,  Dr. 
XlM*tt  w>  K^umI  enoi^h  to  analyse  certain  fossils  from  the  lias 
^4m»  R^gtt.     He  fcHind  that  a  vertebra,  a  rib,  and  a  toothH 
^«a  IcUhjrOMurus  examined  by  him,  had  all  a  highly  cr^^| 
g^lM  MXtaKk  owing  to  the  deposit  of  carbonate  of  lime,  o(^ 
^hasikllMTdki^y  consist.     The  colour  is  nearly,  and  in  parts 
iitt4t»  btarlr,  in  consequence  of  bituminous  matter,  which  in 
jixM^wJ  Mnounts  to  nut  more  than  i^  and  he  has  not  found  it 
^J^J^,^^^J  I  per  cent.     The  phosphate  of  lime  in  tlie  vertebra 
^MMMed  to  about  99  per  cent.,  while  in  the  rib  and  tooth  it 
«a»  abiMit  50  per  cent.     In  fact,  as  might  have  been  expectaJ, 
^M^MflMlla  of  lime  remains  in  greater  or  less  quantity  in 
.!i£^f%-At  spocuncu^  probably  depending  on  the  situation  wlicre^ 
i-vtorActU  and  on  the  compactness  of  the  original  bone^| 
r,  rumar  alM>  ascertained  that  the  scales  of  DapcJium^^ 

daarvd  as  much  as  possible  fiom  adhering  limestone, 

'»t<tl  i*f  th«  ?amo  ingredients  as  the  ichthyosaurian  bones; 

|Uni>4iK«l«  of  lime  suuouuted  only  to  19  per  cenL 
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Of  course  care  was  taken  to  select  such  specimens  ns  were 
not  impregnated  willi  siil()huretot'iroii,  as  soruetiiiies  happens; 
and  those  examined  were  Jbund  to  be  r€markably  Tree  i'rom 
iron,  manganese,  alumlnn,  and  silica. 

When  we  view  the  ooliuc  group  as  a  whole,  we  cnnnot  but 
remark  a  certain  geiieiid  uuirornvity  of  its  structure  over  a 
considerable  portion  of  Western  Europe;  showing  that  ut  the 
time  of  its  production  some  similar  general  causes  were  in  ac- 
tion over  a  particular  portion  of  the  European  area.  While, 
however,  this  general  uniformity  is  sufficiently  obvious  over 
such  area,  it  is  eijuaily  obvious  that  the  various  attempts  which 
have  been  made  to  detect  certain  minor  divisions  of  the  oolitic 
group  in  the  Alps,  in  Italy,  and  other  places,  have  been  by  no 
means  successful.  There  can  be  little  doubt  that  a  very  large] 
portion  of  the  oolitic  series  has  been  mechanically  produced. 
Granting  this,  we  can  scarcelv  expect  that  perfect  unifurniity 
to  exist  which  was  once  considered  probable.  In  point  of  fact, 
minor  changes  in  the  nature  of  the  beds  are  constantly  taking 
place;  and  from  a  multiplication  of  these  minor  changes,  very 
considerable  dilferences  in  the  subdivisions  of  the  group  are 
proiluced. 

The  annexed  proportional  sections  {Fig.  89.  and  90.)  will 
exhibit  the  dillei'ent  development  of  the  oolitic  series  in  the 
Bortlicrn  and  southern  portions  of  England;  the  superincum- 
bent cretaceous  rocks  being  also  represented,  to  render  the 
general  changes  still  more  apparent. 

Fig.  89.  Fig.  90. 

Yorkshire, 
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As  the  same  proportional  scale  lias  been  adopted 
sections,  the  eye  will  readily  seize  the  different  deptiis  of  the 
cretaceous  and  oolitic  groups  in  each.     The  same  letters  ali 
have  been  used  for  the  minor  divisions,  so  that  the  rocks  in  on 
section  can  easily  be  compared  with  tliose  in  the  otJier.    Crfti 
ceous  Group:  c,  chalk;  b,  upper  green  sand;  c,  gault;  <i,  low« 
green  sand.     {b.  and  d.  appear  to  be  absent  in  the  Yorkshii 
section,  being  represented  bye.) — Oolitic  Group:  f,  Kimmeride 
clay ; /i  coral  rag,  and  its  calcareous  grits;  g,  Oxford  clay,  and 
the  Kellowav  rock  in  its  lower  part;  //,  cornbrash,  and  fores^B 
marble;  r,  Bradford  clay;  Xr,  great  oolite;  /,  Fuller's  earth ;  n^fl 
inferior  oolite;  h,  marlstone  ;  o,  lias;  (/,  gravel,  &c.)    It  will  be 
observed  that  so  far  as  regards  the  divisions  e^f,  and  g,  the  twa^ 
sections  do  not  much  vary ;  but  that  a  very  considerable  dif 
ence  exists  between  the  beds  /;,  i,  /•,  /,  is  dei'eloped  in  Soutt 
ern  and  in  Northern  England.     Not  only  is  their  mineraloc 
cal  character  different,  but  their  organic  contents  are  for 
most  part  distinct.     The  clays  anil  limestones  of  the  South ; 
full  of  marine  remains,  while  the  shales  and  sandstones  of  tli 
North  abound  wiili  terrestrial  plants,\vhich  have  been  so  thickly' 
accumulated  in  certain  beds  as  to  form  coal  strata.     The  marl- 
stone  (m)  and  the  lias  {o)  are  also  far  more  developed  in  York- 
shire than  in  Somersetshire;  and  llie  former,  which  in  the  i)outb 
may  be  considered  as  the  passage  of  the  inferior  oolite  sane 
into  the  lias,  has  in  the  North  become  of  more  importance,  and 
is  separated  from  inferior  oolite  by  what  is  termed  the  upf 
lias  shale.     A  thin  bed  of  clay  or  marl  is  indeed  interposed  be-^ 
tween  the  inferior  oolite  sands  and  the  marlstone  in  the  South, 
■which  may  be  tlie  upper  lias  shale  of  the  North. 

The  terrestrial  cliaracter  of  the  organic  remains  contained 
in  a  certain  portion  of  the  oolitic  group  is  not,  as  has  beeq^| 
seen,  confined  to  Norlheni  England  and  Scotland,  butextend*B 
into  Germany.  Now  if  it  be  fair  to  infer,  as  it  seems  to  be, 
that  when  we  find  accumulated  vegetable  matter  sufficiently 
abundant  to  constitute  coal  strata,  accompanied  by  beds  full 
of  delicately  preserved  plants,  dry  land  could  not  have  been 
far  distant  at  the  time  such  vcgetuhle  matter  was  deposited; 
we  may  conclude,  that  when  the  beds  of  Northern  England, 
Scotland,  and  a  portion  of  Germany  corresponding  with  the 
compound  great  oolite  of  Southern  England,  were  deposited, 
dry  land  existed  in  that  part  of  our  planet  now  known  as 
Northern  Europe.  Mr.  Murchisori  has  observe<l  vertical 
Items  of  Equisefu/n  columnnre,  apparently  in  the  position  in 
I  they  grew,  reminding  us  of  t!ie  dirt  bed  o\'  Portland  and 

ler  places,  in  the  lower  carboniferous  shale  and  sandstone  of 
Yorkshire  oolite,  not  only  on  the  coast,  but  also  at  a  distance 
f  forty  miles,  on  the  north-western  escarpment  of  the  Yorkshire 
oorlands.  This  autlior  very  properly  concludes,  fro 
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same  plants  in  tho  snmc  bed,  and  in  tlie  same  position,  over 
so  large  nil  area,  timt  it  is  almost  demonstrable  that  ihe  vertical 
position  of  the  Eqnisetn  could  not  have  been  the  etlect  of  chance, 
but  must  have  been  the  nvsult  of  some  general  cause  acting 
over  tlie  area.  This  cause,  he  further  observes,  has  very  pro- 
bably been  a  great  submergence  of  the  area,  permitting  the 
plants  to  retain  their  original  positions,  and  their  gradual  en- 
velopment by  mud,  silt,  and  sand*.  Now  this  fact  shows,  as 
in  the  case  of  the  l*ortland  dirt  bed  for  another  period,  that 
the  conversion  of  dry  into  siibaqueons  Inntt  has  been  ex- 
ceedingly gradual  in  that  part  of  England  dnring  the  deposit 
of  the  oolites.  How  far  this  fact  may  be  founil  more  general 
remains  to  be  seen ;  but  it  is,  as  far  as  it  goes,  extremely  im- 
portant. 

If  we  continue  our  view  of  the  course  of  the  beds,  contem- 
poraneous with  those  above  noticed,  from  Northern  to  South- 
ern Europe,  we  observe  that  the  character  of  the  organic  con- 
tents becomes  marine,  :uid  that  many  of  the  beds,  particularly 
the  clays,  can  be  traced  over  extensive  areas.  The  multitude 
and  character  of  their  general  organic  contents  may  lead  us  to 
suppose  that  over  a  considerable  area, — one  extending  from 
Southern  England  to  the  Jura,  and  embracing  a  large  portion 
of  France,  and  a  part  of  iSoulhern  Germany, — the  sea  was  by  no 
means  deep  in  which  the  beds  deposited.  At  Stonesfield  in- 
deed, the  slates  of  which  ]ilace  have  recently  been  shown  by 
Mr.  Lonsdale  to  be  a  lower  portion  of  the  great  oolite,  we 
have  evidence,  in  the  remains  of  the  Didelphis  and  other  or- 
ganic exuviii',  tending  to  show  that  iantl  nray  not  have  been 
far  distant.  Now  if  we  connect  this  with  the  vertical  stems  of 
the  Yorkshire  oolite,  they  would,  both  taken  together,  lead  us 
to  infer  that  the  dry  land  was  somewhat  extensive  at  this  period 
over  what  now  constitutes  a  considerable  portion  of  Enghmd. 

It  has  been  above  remarked  that  the  Alpine  and  Italian  de- 
jiosits,  equivalent  to  the  oolitic  group  generally,  may  have  been 
ibrnied  in  a  deep  sea,  while  otJier  portions  of  the  same  group 
may  have  been  deposited  in  shallow  waters.  If  we  now  regard 
that  particular  part  of  the  series  corresponding  to  the  compound 
great  oolite,  it  appears  very  probable,  that  ifry  land  was  then 
abundant  over  what  now  constitutes  Northern  Europe,  that 
over  Southern  Europe  there  was  deep  water,  while  an  exten- 
sive area  between  the  two  was  sluillow  water,  with  here  and 
there,  perhaps,  dry  land. 

It  would  not  accord  with  the  plan  of  this  volume  further  to 
investigate  the  probable  condition  of  the  European  area  during 
the  deposit  of  various  portions  of  the  oolitic  series ;  but  we  nrny 


»  Murcliidou,  Proceeding!  of  the  GeoL  Soc.,  and  MSS. 


remark  that  the  clay  beds,  which  can  be  traced  with  nearly  si- 
milar characters  over  considerable  areas,  while  the  changes  in 
the  calcareous  and  arenaceous  masses  are  much  more  compli- 
cated, is  precisely  what  we  should  expect  from  the  transport 
of  comniinutetl  matter  mechanically  suspended  in  water.  For 
the  more  commjnuteti  the  matter,  the  furtlierwill  moving  water 
transport  it ;  and  consequently  the  uniformity  of  the  deposit  of 
such  a  mixture  will  be  greater  than  from  less  comminuted 
matter, — supposing  always  tlie  transporting  force  to  be  equal, 
or  nearly  equal.  While  on  this  subject  it  should  be  remarked 
that  the  sands  of  the  inferior  oolite  cover  a  very  considerable 
area,  extending  from  Northern  far  into  Southern  Europe. 
Of  all  the  divisions  of  the  oolitic  series  the  lias  is  most  uniform 
over  the  whole  space  occupied  by  it,  for  its  variations  are  com- 
paratively inconsiderable  in  Great  Britain,  France,  and  Ger- 
many. It  is  not  until  we  enter  the  oolitic  districts  of  the  Alps, 
and  other  portions  of  Southern  Europe,  that  we  find  even  the 
mineralogical  structure  very  materially  altered. 
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Section  VII. 
RED  SANDSTONE  GROUP. 


. — Red  or  Variegated  Marls  (Afitmes  Irisees,  Vr. ;  Keuper,  Btmte  Mer- 
jft.  Gen).  Musolielkulk  {Caicuirn  Cuuchylieu,  Al.  liroiifj.)-  'l«-"d  <>r  Va- 
ricgali'd  Sandstone  (New  Red  SaN'hfone,  Eiig.  Audi. ;  Gris  Bigarre,  Ft.; 
"^Knler  Sniirixlein,  Ger.).  Zcclistt'iii  {Maffne^ian  Linuriln/ie,  En;;.  Auth.; 
7nJcatre  afpiti,  Vr. ;  Alprnkalkxtein,  Gcr.).  Rotliliegciidcs  {New  Red 
iCotiglomeratc,  Loivtr  Sew  Red  SiintUlani!,  Exeter  lUd  Conglomerate, 
ing.  Auta.;  Toiitfiegrndtt,  Rotlie  Todtlitycnde,  Gei.;  Gria  Rouge, 
ft,;   Pti'phite  Rougcdlre,  Al.  Brong.). 

group,  whicli  is  often  one  of  very  consulerable  thickness, 
succeeds,  in  the  ilescendin{»  order,  that  prex-iously  noticed. 
Perhaps  very  fine  lines  of  distinction  should  not  be  drawn  be- 
tween the  two;  for  when  the  lower  part  of  the  one  and  die  up- 
per part  of  the  other  have  been  consideraly  developed,  they 
seem  in  some  measure  to  pass  into  eaeh  other.  This  led  M. 
Charbaut,  who  first  observed  the  circinnstance  in  the  vicinity 
of  Lon»  le  Saulivier,  to  class  the  lias  widi  the  variegated  marls 
which  constitute  the  upper  portion  of  the  group  under  consi- 
deration. The  rncks  composing  the  red  sandstone  group  oc- 
cur in  the  ftvllowing  descending  order:  — 1.  Vuriegatcd  Marl-.; 
2.  Muschelkalk;  S.  Red  or  Variegated  Sandstone;  4-.  Zech- 
slein  ;  and  5.  Uothliegendes. 

p'ariegated  Marls.  —  In  the  district  of  the  Vosges  and  in  llie 
neighbouring  countries,  these  commence  beneath  the  sand.stone 
named  lias  sandstone,  into  which  they  gradually  |)uss;  the  up- 
per part  of  the  variegated  marls,  which  are  green,  presenting 
thin  beds  of  black  scliistose  clay,  and  of  quartzose  sandstone, 
nearly  widiout  cement,  which  lattergradually  becomes  the  lias 
sandstone, — a  rock  lliat  passes  into  the  lias,  and  contains  the 
same  organic  remains*.  M.  EHede  Beaumont  observes,  that 
in  many  countries  the  variegated  marls  can  scarcely  be  sepa- 
rated from  the  lias  sandstone,  even  ariificially,  sis  is  done  in  the 
Vosges ;  for  they  appear  to  become  one  deposit,  as  iti  the  en- 
virons of  St.  Leger-sur-Dheune,  and  Aulun,  and  in  the  arkose 
of  Burgundy.  The  variegated  marls  of  the  Vosges  generally 
are,  as  their  name  implies,  marked  by  different  colours,  among 
which  the  [irincipal  are  wine-red  and  greenish  or  blueish  gray  ; 
they  break  into  fragments,  which  have  no  truce  of  a  schistose 
!>tructure.     In  the  central  [mrtion  of  these  nmrls  there  are  beds 

i  •  Elie  de  Bcaumoat,  Metu.  pour  servir  h  unc  D«c.  Gtol.  de  la  Froncc>  t.  i. 
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of  black  schistose  clay,  bluelsh  gray  sandstone,  and  grayish 
yellowi-sli  niagnesiau  nmestonc.  The  sundbtune  ancJcluy  con- 
tain vegetable  impressions,  and  even  coal.  Masses  of  rock- 
salt  occur  in  the  tower  part  of  the  marls  ut  Vic,  Dieuze,  and 
other  parts  of  that  district;  and  masses  of  gypsum  are  found 
in  the  upper  and  lower  portions,  but  principally  in  the  latter*. 
According  to  M.  Charbant,  limestone  beds,  almost  entirely 
composed  of  shells,  are  found  in  the  upper  part  of  this  deposit* 

M.  von  Dechen  remarks,  that  tlic  superior  white  sandstones 
are,  in  the  neighbourhood  of  Stuttgard  and  Tubingen,  covered 
by  variegated  clayey  marls,  by  which  ihey  are  separate<l  from 
the  lias.  They  are  coarse  grained  ;  and  the  fragments  of 
quartz,  limestone,  &c.  are  sometimes  a  foot  in  diameter,  partly 
rounded,  partly  angular.  Dark  gray  rolled  pieces  of  limestone 
sometimes  predominate  in  ttie  lower  betls,  and  are  cemented 
by  calcareous  matter,  containing  grains  of  quartz  and  felspar. 
The  cement  of  the  other  beds  is  quarl/ose.  The  sandstone, 
especially  the  upper  portion,  often  contains  so  much  carbona- 
ceous nuittcr  that  it  becomes  dark  gray  and  even  black.  Fi- 
brous anthracite  and  pitchcoal  occur  in  it  near  Spiegelberg. 
At  Eriaheim,  near  Balingcn,  similar  coal,  with  large  masses 
of  iron  pyrites,  are  found  close  to  the  lias  boundary.  These 
carbonaceous  deposits  are  separated  from  the  sandstones  be- 
neath by  variegated  marls,  inclosing  thin  sandstone  beds  and 
traces  of  coal f . 

The  variegated  niarh,  not  differing  considerably  in  their  mi- 
neralogical  chanicters,  occur  in  various  parts  of  the  north  of 
France  antl  Germany,  and  according  to  M.  Dufrerioy  they 
crown  the  re<i  sandslonc  rocks  of  the  South  of  France.  How 
far  the  variegated  ma  els  may  be  traced  in  England  remains 
questionable ;  but  it  would  iqipear  far  from  improbable,  that 
tlie  upper  part  of  the  red  sandstone  dejwsit  of  tliis  country 
would  answer  sufficiently  well  in  its  mineralogical  structure  to 
the  rocks  above  noticed  in  the  Vosges.  There  ia  with  us  no 
apparent  passage  of  the  lias  into  the  red  sandstone  series ;  on 
the  contrary,  we  sometimes  have,  as  at  the  Old  Passage  near 
Bristol,  a  kind  of  conglomerate  of  pieces  of  limestone,  bones, 
teeth,  and  other  remains  of  saurians  and  flsb,  with  Uieir  fossil 
fa?ces  or  coprolites^  which  would  seem  to  mark  a  period  when 
comminuted  deposits  ceased,  and  currents  of  water  sufficient 
to  transport  pebbles  were  in  action,  accumulating  bones  and 
other  substatices,  as  at  the  bottom  of  some  seas.  Where  seen 
on  the  southern  coast  of  England,  between  Lyme  Regis  and 
Sidmcuthf  the  upper  part  of  the  red  sandstone  series  is  so  like 


•  tlie  clu  ncBiunont,  Memoir  above  cited. 
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le  vnrief^tcd  marls  of  the  Vosr^es  and  parts  of  Germany,  tliat 
I  have  little  hcsitalion  Jn  consitlering  ihcm  contemporaneous 
deposits.  In  this  part  cf  EnjflniKl  these  marls  contain  vege- 
table remains,  and,  thuugli  rarely,  bcales  of  fisli  and  bones  of 
pterodactyles  (?). 

As  the  lower  lias  sandstone  passes  into  the  variegated  marls, 
and  even  seems  in  some  measure  eijuivalejvt  to  them,  a  deposit 
of  sands  having  possibly  taken  place  in  one  situation,  while 
marls  were  produced  in  anocFier,  we  siliould  not,  when  consi- 
dering the  general  subject,  force  our  conchisions  loo  far,  nor 
carry  those  (livisions  which  may  be  locally  useful  beyond  the 
countries  where  they  may  be  auvantageously  employed.  l*rof- 
Pusch,  in  his  very  interesting  account  of  the  Polish  rocks,  st2Ues 
that  between  the  oolitic  series  of  Poland  and  the  muschelkalk 
there  is  an  extensive  and  important  deposit  of  saiKlslone,  usu- 
ally termed  ishitc  saridsfonc,  from  its  colour.  The  deposit  is 
divisible  into  two  portions;  the  upper  being  tbrmed  of  the 
white  sandstone,  wiiile  the  lower  part  is  composed  of  alterna- 
tions of  fine  white  marly  sandstone,  schistose  sandstone,  shale, 
and  other  schistose  and  dark-coloured  rocks,  the  whole  inclo- 
sing beds  of  coal  from  three  to  twenty-five  inches  thick.  The 
white  sandstone  of  the  upper  part  akernates  with  thick  beds  of 
gray  blue  marts,  partly  red,  and  more  rarely  variegated.  Betis 
of  limestone  are  also  round  in  it ;  but  the  most  valuable  product 
is  iron  ore,  which  furnishes  the  largest  amount  of  iron  of 
any  rock  in  Poland,  twenty-seven  furnaces  affording  annually 
1560,000  quintals  of  metal.  Fossils  are  rare  in  this  deposit, 
'with  tJie  exception  of  vegetable  remains.  M.  Pusch  refers  this 
rock  to  the  lias  sandstone,  the  same  as  it  occurs  in  Suabiii,  in 
.Scania,  and  in  the  Isle  of  Bornholm,  in  all  which  places  it  is 
rich  both  in  iron  and  coal*. 

M.  von  Dechen  consitlers  it  very  doubtful  wliether  we  sliould 
refer  this  white  sandsUmc  to  the  lias  sandstones  and  variegated 
marls,  or  to  the  inferior  oolite,  and  rather  inclines  to  the  latter 
opinion,  as  it  occurs  between  what  is  considered  a  middle  mem- 
ber of  the  oolitic  series  and  the  rauschelkalk.  He  moreover 
remarks,  that  the  true  geological  position  of  the  sandstone  of 
Iliir  ami  the  north  of  Lund  in  Scania,  of  which  it  is  thought 
to  l>e  the  continuation,  is  by  no  means  settled. 

Miiscfidhalk.—^A.  limestone  varying  in  texture,  but  being 
most  frequently  gray  |ind  compact.  It  is  occasionally  dolo- 
mitic,  and  passes  into  marls  above  and  beneath.  When  very 
C4iinpact,  with  numerous  remains  of  llie  Eiicrinitcs  munilr/'ormiSf 
'  ilier  (a  very  characteristic  fossil  of  at  least  a  considerable 

•  Paseli,  Ksciuisac  G^ognoatiqnc  <!u  MSlicu  do  la   I'ologne :  Jquraal  de 
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portion  of  the  deposit),  it  has  much  the  appearance  of  some 
varieties  of  the  carboniferous  limestone  of  England.  The  niu*- 
chelkalk  is  sometimes,  though  rarely,  oolitic  (between  Sluh- 
lingen  and  Bonndorf),  and  contains  beds  of  chert  (Wurtem- 
berg,  and  some  places  in  Germany).  Gypsum  and  marl  arc 
not  unfrequentty  mixed  with  it  Copper  ore  is  found  in  a  bi- 
tuminous marl-slate  in  the  neighbourhood  of  Horgeii,  on  the 
eastern  border  of  the  ijwarzwald,  which  has  led  to  the  erro- 
neous impression  that  these  btds  belonged  to  the  zechsteui. 
Disseminated  copper  ore  is  also  found  in  Uie  lower  portion  of 
the  muschelkalk  in  other  parts  of  Wurteml)erg*.  It  is  some- 
times, as  at  Epinal  (Vosges),  sufficiently  hard  to  be  employed 
as  marble.  In  some  situations  organic  remains  would  appear 
to  be  very  abunilant,  while  in  others  they  are  somewhat  rare. 
According  Co  M.  Albetti,  salt  is  contained  in  the  muschelkalk 
of  Wurieinbergf;  and  M.  von  Dechen  stales  that  salt  is  also 
fount!  in  it  at  Buffleben,  between  the  Thiiringerwahl  and  the 
Hartz.  Tins  rock  would  appear  to  be  unknown  in  EnglaiMJ 
and  in  the  North  of  France;  but  on  the  cast  and  south  of  ilic 
latter  country*  and  in  parts  of  Germany,  it  is  found  interposed, 
in  its  place,  between  the  variegated  marls  and  the  red  or  varie- 
gated sandstone.  According  to  Prof.  Pusch  it  occurs  in  Po- 
latid,  and  is  described  as  being  gray  and  3'ellow. 

Red  or  Variegated  Samhione. — This  rock  is,  as  its  name  im- 
plies, of  difllrent  tints,  —these  being  red,  white,  blue,  and  green; 
the  former,  however,  greatly  predominating.  It  is  principally 
siliceous  and  argillaceous,  occasionally  containing  mica,  mass(<) 
of  gypsum,  and  rock-salt.  In  the  Vosges,  the  upper  part  of 
the  variegiited  sandstone  often  presents,  according  to  M.  Elie 
de  Beaumont,  thin  beds  of  marly  limestone  and  dolomite, 
which  gradually  become  more  abumhint ;  so  that,  finally,  they 
constitute  tlie  lower  part  of  the  mu^chelkaSk  J.  An  oolitic  and 
calcareo-magnestan  rock§  is  found  in  this  deposit  in  some  parts 
of  Germany,  and  conglomerates  are  also  included  in  it. 

A  very  extensive  deposit,  varying  but  tittle  in  its  character, 
occurs  in  the  Vosges,  and  has  thence  obtained  the  name  of  the 
Gris  de  P'osf;es.  A  difl'erence  of  opinion  seems  to  exist  be- 
tween M.  Elie  de  Beaumont  and  M.  Voltz  respecting  the 
exact  member  of  the  red  sandstone  series  to  which  this  rock 
should  be  referred  ;  the  former  considering  it  tlie  equivalent  of 


•  Von  Decben,  German  Transl.  of  Manual. 
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the  nnhe  loJte  liegeiule,  which  occurs  beneath  the  zechstctn; 
ihe  Initer,  that  it  is  the  Jower  portion  of  the  red  or  variegiite<I 
saiuistone,  wliich  rests  on  the  zectistein :  as  the  zechstein  is 
wanting  in  the  district,  there  is  perhaps  but  httle  essentiiil 
tlifference  in  diese  opinions. 

The  Grcs  de  f'^osges  is  essentially  composed  of  amorphous 
grains  of  quartz,  commonly  covered  by  a  ihin  conting  of  red 
peroxide  of  iron ;  among  which  iire  discovered  others  which 
appear  fragments  of  felspar  crystals.  It  is  often  marked  by 
crohs  and  diagonal  tamince  so  common  in  arenaceous  rocks, 
the  rebultj  probably,  of  deposit  by  cross  currents  of  water.  The 
rock  contains  t|Uiirlz  pebbles,  sometinies  so  abundantly  as  to 
present  a  conglomerate  with  an  arenaceous  cement.  From  the 
mineral  character  of  tliese  pebbles,  M.  Elie  de  Beaumont  con- 
siders that  they  are  derived  from  the  destruction  of  the  older 
rocks,  and  are  merely  larger  portions  which  Imve  better  resistetl 
trituration  than  the  smaller  grains  composing  die  body  of  the 
sandstone. 

The  variegated  or  red  sandstone  of  some  Fig.  91. 

countries  affortts  a  good  building-stone,  and 
when  nearly  free  from  colour,  as  at  Kpinal, 
(Vosges,)  one  of  handsome  appearance.  In 
situations  where  it  becomes  schistose  from 
mica,  it  is  often  employed,  like  some  vari- 
eties of  the  old  red  sandstone  of  the  English, 
for  fl.ig->lunes,  ntul  even  tiles  for  houses. 

According  to  Prof.  Sedgwick,  the  red 
sandstone  occurrinj^  above  the  magnesiait 
limestone,  in  the  North  of  England,  repre- 
sents the  Bunter  sandslein  of  Germany,  the 
variegated  marls  surmounting  it  being  the 
equivalent  of  tliekeuperof  the  samecountry. 
This  sandstone  is  represented  as  of  a  com- 
plex character,  from  the  variable  mixtures 
of  sand,  sandstone,  and  marl.  In  its  range 
from  Nottinjibamsliirc  Into  Yorkshire  it  is 
generally  coarse,  often  nearly  iucoheretrt, 
and  here  and  there  passes  into  a  fine  con- 
glomerate. The  superincumbent  marls  are 
red  ai)d  gypseous*. 

At  Wasselonne,  Marmoutier,  and  Sulz- 
les- Bains,   more  particularly  at  the  latter 
|iluce,  numerous  vegetable  remains  have  been  discovered  in 
the  red  sandstone.    These  have  been  described  by  M.  Adolphe 
Irongniart.     The  annexed  figure  (Fig.  91.)  represents  a  spe- 


Sedgwick,  GeoL  Trails.  2ud  scries,  vol.  lit. 
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cimen  of  VoUzta  brevifolia^  from  Sulz-les-Bains,  remarkable 
as  exhibiting  the  fructification  of  the  plant*. 

Zechsteiit. —  TKi^  name  has,  fortunately»  been  applied  by 
HumbnUll  to  disiiiigiiisb  a  limestone  series  of  a  very  variable 
character,  to  which  different  names  were  given,  the  tenn  zech- 
stein  having  been  previously  applied  to  only  one  of  the  varie- 
ties. The  various  beds  were  known  to  the  German  miners 
by  the  names  of  Asche  (IViable  marl),  Slinkstein  (fetid  lime- 
stone), Ilauchwacke,  Zeciistern,  and  Kupferschiefer  (copper- 
slate).  According  to  Daubuisson,  the  mean  thickness  of  the 
copper-slate  in  these  countries  is  about  one  foot.  The  zech- 
htein  is  represented  as  sometimes  from  twenty  to  tl)irty  yards 
thick;  the  rauchwacke,  when  pure  and  compact,  one  yard 
thick,  when  cellular  sometimes  attaining  fifteen  to  sixteen 
yards ;  the  slinkstein,  from  one  to  thirty  yards  thick  ;  and  the 
asche,  veiy  variable.  Notwithstanding  these  minor  divisions, 
to  which  an  extraordinary  value  has  been  attached,  it  does 
not  appear  that  they  can  always  be  observed  in  the  countries 
where  ihey  have  been  established ;  for  Daubuisson  observes, 
that  the  upper  portions  pass  into  each  other,  and  even  some- 
times into  the  /.echstein. 

The  zechstetn  of  Germany  is  composed  at  its  lowest  part  of 
a  thin  bed  of  marl-slate,  known  as  the  copper-slate  [Kupfcr- 
schiejer)y  from  containing  finely-  disseminated  ores  of  yellow 
copper,  purple  copper,  and  vitreous  copper,  worked  for  cen- 
turies. Upon  lliis  rests  the  Zec/islciu,  properly  so  called, 
which  is  a  compact  dark-coloured  limestone.  At  Thalitter 
and  Stadtbergen,  fine  seams  of  marl-slate,  containing  disse- 
minated malachite,  alternate  from  ten  to  thirty  times  witii  tlie 
beds  of  zechstein,  and  must  be  considered  as  forming  part  of 
it.  On  the  Upper  Saale,  at  Camsdorffi  the  marly  slate  lies 
entirely  in  tlie  zechstein.  The  up})er  scries  of  beds  is  more 
irregular,  and  appears  to  have  been  more  influenced  by  U>cul 
causes.  Masses  of  dolomite  and  gypsum  sometimes  attain 
such  thickness  that  the  other  rocks  disappear.  The  dolomite 
is  known  in  Mansfeld  by  the  name  of  Rauchwacke.  llock- 
snlt  is  found  in  the  gypsum.  Beds  of  bituminous  limestone 
{Stinkslein)  commotdy  rest  on  the  gypsum  and  the  accompa- 
nying marls  and  clays.  A  pulverulent  loose-grained  mass,  con- 
sisting of  limestone  fragments,  iVet^uenlly  occurs  in  the  upper 
division,  and  is  named  Asche.  In  this  division  there  are  also 
masses  of  carbonate  of  iron.  They  are  irregularly  combined 
with  limestone  (named  Eiscnkalkstein).  AtCamsdorll'a  marly 
slate  accompanies  the  iron-stone.     On  the  south  border  of  the 

•  Taken  Troui  a  figure  bv  M.  Ad.  Brongniart,  in  the  Aon.  dca  Sei.  Nat 
t,xv.  pi.  1(>. 
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Hartz,  wlicre  the  J  arrest  musses  of  gyj)suni  uccui',  liiiK's.tout;s 
are  ibuiui  among  tlieiii,  but  are  so  iiiterrupletl  that  no  regular 
order  of  stratification  can  be  observed.  Beds  of  ati  oolitic  cha- 
racter are  discovered  in  the  upper  division  of  tlie  zecfisteiii 
series  of  Germany  *. 

According  to  Professor  Sedgwick,  the  magnesian  liniesloiie 
of  tJ»e  North  of  England,  whicli  is  the  etjuivaknt  of  this  de- 
posit in  Germany,  is  divisible  into,  1.  Marl-shite  and  com- 
jwct  limestone,  or  comjiact  and  shelly  limestone,  and  varie- 
gated marls.  2.  Yellow  magnesian  limestone.  3.  Red  marl 
and  gypsum.  +.  Thin-lie«lded  limestone.  The  same  author 
considers  No.  1.  as  etjuivalent  to  the  kuplerschiefer  and  zech- 
stein,  and  Nos-  2.  3.  and  4.  to  the  rauchwacke,  osche,  stink- 
stein,  &c,  of  Thuringia  f. 

RotlUiegendes. — 1  his  name  is  given  to  a  series  of  red  con- 
glomerates and  sandstones  which  occurs  between  the  zechstein 
or  magnesian  limestone  and  llie  rocks  of  tlie  next  group.  The 
term  was  originally  applied  to  those  beils  of  Thuringia  ami 
other  adjacent  countries  upon  which  the  copper-slate  reposes, 
with  the  intervention  only  of  portions  which  are  white.  M. 
jftn  Dechen  remarks  that  the  rothiicgendes  ajipears  to  be  more 
Bevelcped  on  the  east  side  of  the  Hartz  tlian  at  any  other 
^oint  at  which  it  has  been  observed.  Under  tlie  Wdsliegen- 
de$  (the  upper  while  portion  of  the  rotldiegendes),  whicli 
Blisappears  with  the  marl-slate,  there  is  a  red  slate  clay,  and 
B  fine-grained  argillaceous  sandstone.  Beneath  this  is  a  por- 
phyry conglomerate.  The  porphyry  pebbles  are  remarkable, 
and  do  not  always  resemble  the  neai'est  quart/iferous  porphyry 
of  the  Saale,  often  becoming  of  greater  volume  as  the  distance 
from  tlie  latter  increases.  They  vary  in  size  from  that  of  a 
walnut  to  that  of  the  fist.  This  conglomerate  is  widely  ex- 
tended throughout  the  country,  and  it  is  worthy  of  remark 
that  porphyry  pebbles  are  not  discovered  in  the  remaining 
portion  of  this  rothliegeniles.  Reii,  greenish,  yellowisli,  and 
wliite  sandstone,  with  an  uniform  grain,  are  sometimes  asso- 
ciated with  it;  the  i|uarlz  grains  retiiining  their  crystalline 
structure,  ami  being  cementtd  by  argillaceous  matter.  On 
account  of  their  roughness  the  sandstones  are  well  adaptetl 
for  millstones,  as  at  Siebfgkerode.  These  beds,  with  com- 
mon red  sandstones,  schistose  sandstones,  and  slate  clays, 
constitute  the  upper  division  of  the  rothliegendes. 

rln  the  middle  division,  scverat  thin  seams  of  red  and  dark 
lue  gray  limestone  alternate  with  argillaceous  beds,  sand- 
•  Von  Dechen,  Gcnnnii  Transl.  nfMauuiil. 
t  Sedgwick,  on  tLc  (ivnlof^ii-al  Kt-lulions  and  Internal  Stniiiure  of  Uic 
Magnesiiui  Liuicsloue,  &c. :  Trauu.  Ucol.  Soc.  2ud  Series,  vol.  iii. 
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,*ane,  and  breccia.     They  occur  regularly  on  botli  sides  of  • 
ridse  at  Roibenbuig  on  the  Saale. 

The  lower  division  is  chjiracterized  by  a  conglomerate,  in 

ubidi  Ulje  pebbles  of  splintery  gray  quartz  occur.     The  ce- 

BK-ni  is  a  re<i  friable  clay.     Rocks,  which  by  their  partial  de- 

,^rf,cdon  nisv  have  furnished  these  quartz  pebbles,  are  not 

bpovo  ID  Northern  Germany.  They  occur  only  in  the  higher 

(■ft  «f  dM  lower  division  of  the  rothliegendes.    No  regularity 

^^^(er^-able  in  this  lower  division,  the  inferior  portions  of 

■Mcil  rr""''*'  of  schistose  sandstone,  schistose  clay,  and  brec- 

^p,     In  the  immediate  vicinity  of  the  Hartz  grauwacke,  peb- 

Mwof  (his  rock  occur  in  it.     The  general  colour  of  the  roth- 

jj^glldrs  is  cherry  and  violet  red.    The  connexion  of  this  rock 

|pj^  ihe  porphyry  at  Wettin  and  Loebejun,  at  Ihlefeld,  on 

llitwtttliern  flank  of  the  Hartz,  and  in  tlie  Thuringerwald, 

iMidcr  (he  relations  of  the  whole  deposit  difficult  to  determine. 

IVIiiJe  in  the  Hartz,  the  pebbles  and   rock  fragments  corre- 

mt^ul  but  little  nith  the  nearest  rocks,  in  the  Tiiuringerwald 

Sev  invariably  do  so  *. 

5uch  are  the  characters  of  tlie  rocks,  known  as  Rothlie- 
M)dcs,  in  the  countries  whence  the  name  has  been  derived. 
^Vlken  as  a  whole,  tliey  are  for  the  most  part  conglomerates, 
fotrmcd  from  the  partial  destruction  of  those  rocks  on  which 
llMry  rest,  the  fragments  being  sometimes  angular,  as  well  as 
rounded,  and  of  considerable  size. 

The  researches  of  Professor  Setlgwick  have  shown  that  an 
arenaceous  deposit,  of  a  somewhat  variable  character,  and 
known  as  the  Pontefract  rock  of  Smith,  is  in  all  probability 
the  equivalent  of  the  rothliegendes  of  Germany,  it  may  be 
traced  between  the  coal  measures  and  zechstein  fmagnesian 
limestone),  with  a  few  interruptions,  from  the  moutb  of  the 
Tyne  to  the  confines  of  Derbyshire.  Though  of  a  very  vari- 
able structure  and  thickness,  it  possesses  a  certain  uniformity 
of  character  when  viewed  on  die  large  scale.  Conglomerates 
are  rare,  and  are  sometimes  seen  at  the  junction  o(  this  rothlie- 
gendes with  the  magnesian  limestone  above  it,  A  coarbe  sili- 
ceous sandstone,  usually  of  a  red  or  purple  tint,  but  sometimes 
gray  or  yellowish  brown,  seems  most  common.  It  contains 
pebbles  of  quartz  more  than  an  inch  in  di-ameter,  generally 
ranged  in  lines  parallel  to  the  stratification,  though  sometimes 
irregularly  disseminated.  It  is  often  a  mere  sand,  with  little 
or  no  cohesion  ;  and  this  character  is  attributed  to  nn  abun- 
dance of  earthy  felspar.  Though  the  want  of  cohe>itMi  would 
^Appear  common,  it  occasionally  becomes  sufficiently  hard  to 


*  Von  DechcD,  Gcrroau  Traiul.  of  MaauaL 
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afford  Iniilcling-stone  (Wclhcrby,  Knarcsborough,  nnd  Hart 
Hill,  Yorksliire).  The  sandstones  are  ussociatecl  with  varie- 
gated micaceous  sandy  shale,  and  variegated  marls.  This 
rothliegendes  sometimes  becomes  a  brown  or  gray  micaceous 
sandstone,  not  to  be  distinguished  from  iome  of  the  sand- 
nes  of  llie  coal  measures*. 

Mr.  Huiton,  though  he  fully  admits  the  variable  thickness 
and  structure  of  this  rock,  considers  tliat  it  may,  in  the  county 
of  Durham,  be  satisfactorily  divided  into  two  parts;  the  U[j- 
i>er  conslsliMg  of  an  incoherent  sand,  generally  of  a  buffco- 
jur,  while  the  lower  portion  is  more  consolidated,  even  fur- 
lishing  building  niateriiifs.  Though  the  colour  of  the  latter 
iries  nmleriiillv,  red  or  purple  is  by  far  the  most  prevalent 
It.  The  division  line  between  these  two  portions  is  gene- 
illy  well  de6ncd,  though  they  sometimes  pass  insensibly  into 
Bach  other  f. 

Prof.  Sedgwick  remarks  not  only  that  this  rothliegendes, 
or  lower  (new)  red  siuidstotie,   rests  uticonformably  on  the 
coal  measures  beneath, — an  opinion  confrrmcd  by  the  obser- 
vations of  Mr   Huiton, — but  also  that  its  upper  surface,  that 
^on  wljich  the  magiiesian  limestone  rests,  is  uneven.     In  some 
Blaces  (IJranhiim   Moor,   North  Deighton,   Knaresborough,) 
Considerable  degradation  of  the  upper  surftice  of  the  lower 
|red  sandstone  has  taken  place  prior  to  the  deposit  of  the  lime- 
stone ;  hh owing,  as  Prof,  viedgwick  remarks,   that  the  conti- 
nuity of  the  two  deposits  was  partially  interrupted  by  disturb- 
ing forces  X- 

It  seemed  necessary  to  premise  the  above  notices  of  the 
more  remarkable  mineralogical  structures  of  the  various  rocks 

Bf  this  group,  known  as  Variegated  or   Red  Marl,   Muschel- 
ftlk,   \\e\[  or  Variegated  Sandstone,   Zeclislein,  and  Rothlie- 
gendes, in  oriter  that  the  student  uiTght  be  ac(|uuintetl  with 
,    the  wliole  when  fully  developed.    Taken  as  a  mass,  the  group 
BSav  be  considered  as  a  deposit  of  conglomerate,  .sandstone, 
and  marl,  in  which  limestones  occasionally  appear  in  certain 
lemis  of  the  series ;  sometimes  one  calcareous  deposit  being 
absent,  as  the   musclielkalk  is  in    England ;    stmietinies  the 
zechslein,  as  in  the  East  and   South  of  France ;  and  some- 
times both  being  wanting,  as  in  Devonshire.     The  conglo- 
^meratcs,  or  rothlitgendes,  commonly  occu]>y  the  lowest  posi- 
Blk>n,  tJiough  conglomerates  are  occasionally  noticed  higher 

•  Seilg^ick,  On  (tip  Geological  Relotiona  am)  Internai  .Structure  of  the 
iMngncsian  Linir5t<inc,  itc.  :  Trans.  Gt>ol.  Soc.  "ini!  ijcrit'!!,  vol.  iti. 
I     t  Hutton,  On  tlic  New   KctJ   ^andstune  of  the  County   of  Durham 
iTrunn.  Nat.  Itist.  Soc.  Newcaatle,  vol.  i. 

l  Sedgwick,  Gool.  Trans.  2ud  aeri«6,  vol.  ili.  p.  74.  , 
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in  the  series  ;  tlie  sHiidstones  form  the  central  part,  and  tite 
marls  occur  in  llie  higliest  place. 

When  we  look  I'or  llie  causes  which  have  produceil  this 
mass,  we  may,  perhaps,  in  some  measure  approach  them,  by 
observin;^  the  state  of  the  rocks  on  which  it  rests.     These  ore 
found  in  the  greater  nunvber  of  instances  highly  inclined,  con- 
torted, or  fractured; — evidences  of  disturbance  which  the  in- 
ferior and  older  rocks  have  suffered  previous  to  the  deposit  of 
tlie  red  sandstone  group  u[ion  ihein.     These  appeanujces  are 
not  confined  to  one  |>articulur  tlistrict,  but  are,  with  a  few  ex- 
ceptions, more  or  less  general  in  Western  Europe.     From 
an  examinatitin  of  the  lower  beds,  no  doubt  can  exist  that  th« 
fragments  of  rock  contained  in  them  Iiave,   for  the  greater 
part,  been  brokeJi  oiffroni  the  older  rocks  of  the  more  imme- 
diate neighbourliood.     It  therefore  does  not  appear  unphilo- 
sophical  to  concluile,  that,  as  far  at  least  as  regards  tliese 
lower  conglomerate  beds,  we  have  approached  to  something 
like  cause  and  t-ffect, — the  cause  being  the  disruption  of 
strata,  the  effect  being  the  dispersion  uf  fragments,  conseque 
on  tliis  violence,  over  greater  or  less  spaces  liy  means  of  w« 
ter,  probably  thrown  into  agitation  by  the  disturbing  force 
That  these  forces  have,    in  some  places  at  least,    not  been 
small,  is  attested  by  the  hirge  size  of  the  fragments  driven  olF, 
and  the  rounded  condition  of  some  of  them,  as  may  be  well 
seen  in  tlie  vicinity  of  Bristol,  where  the  rolled  masses  of  car- 
boniferous limestone  are  sometimes  considerable.    Of  tlie  evi* 
dence  of  the  great  force  ern}>loyed,   1  know  of  no  better  or 
more  easily  observed  example,  than  that  at  the  cliff*  named^^ 
Petit  Tor,  in   Babbaconibe  Bay,  Devon,  whence  so  large  |^^ 


portion  of  Devonsliire  marble  is  obtained 
ing  is  a  section 


Of  this  the  follow* 


P.  Petit  Tor  Cliff",     a.  Fractured  limestone,  the  rents 
when  suniciently  open,  with  tlie  finer  matter  of  the  congl 
merate  above  ;  when  small,  with  carbonate  of  lime.  b.  A  brei 
cia  composed  of  large  blocks  (some  many  tons  in  weight) 
the  same  marble  limestone  as  that  on  which  it  rests,  mixeil 
with  others   which  are  smaller.     The  cementing  matter  is 
sometimes  a  red  sandstone,  at  others  a  reddish  clay.     The 
marble   (known  as  Babbacombe  marble)   is  wholly  derivi 
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from  these  blocks,  wliicli  are  detached  from  their  situntions, 
and  either  pai'tinlly  worked  on  the  spot  or  removed  elsewhere. 
7pon  this  rest  beds  of  fine  congJomerate,  sandstone,  and  red 
larl,  at  c,  which  are  surmounteu  by  a  coiiisiderable  thickness  of 
1  conglomerate  d,  extending  many  miles  eastward,  and  com- 
sed  of  angular  pieces  of  limestone,  numerous  pieces  of  slate, 
Jch  as  is  of  common  occurrence  in  the  surrounding  coun- 
try, as  also  of  )>ebbles  of  flinty  slate,  grauwacke,  &c.     Among 
"lese  are  rounded  pieces  of  various  reil  quartziferous  porphy- 
5.    ^  A  fault  or  dislocation  of  the  strata,  bringing  down 
ie  conglomerates  on  the  left  hand  against  the  fracturetl  lime^ 
tones  on  the  right.     Such  faults  or  dislocations  are  common 
the  district. 

The  annexed  figure  (93.)  represents  one  of         Fig.  93. 
ie  fissures  in  lite  fractured  limestone  at   Petit 
Tor,  filled  with  the  matter  of  the  snperincum- 
;nt  conclomerate.    6,  b.  Limestone,    a.  Fissure 


lied  with  tlie  smaller  matter  of  the  red  conglo- 
lerate  above. 


\\:wh 


/"^> 


It  will,  I  think,  be  scarcely  doubted  that  the 
igular  blocks  of  the  conglomerate  i  (Fig-  92.) 
have  been  detacheti  by  violence  from  the  lime- 

)ne  Oy  and  that  during  the  commotion  they  were  thrown 
iwards,  in  such  a  manner  that  other  and  smaller  detrital 
ibstances  were  insinuated  between  them  ;  the  watery  mass 
;ing  highly  charged  with  sand,  mud,  and  other  substances 
leld  in  mechanical  suspension.    It  may  be  right,  while  on  the 
JBubject  of  these   Devonshire  conglomerates^   to  adduce  evi- 
Bence  of  the  unequal  action  of  currents  of  water,  in  this  vici- 
"nity,  at  the  same  period.  There  is  perhaps  no  situation  where 
better  examples  of  this  can  be  observed  than  on  the  line  of 
liffs  between  Dubbncombe  and  Exmouth.     The  aUernations 
conglomerates  and  sandstones  at  the  ujiper  part  of  the  con- 
Jomerate  series  are  very  frequent,  more  particularly  in  the 
^cinity  of  Dawlish ;  showing  that  the  water  had  sometimes 
)e  power  of  carrying  forward  rountled  fr.igments  of  the  size 
'of  the  head  and  even  larger,  while  at  others  it  nierely  accom- 
plished a  transport  of  sand.    Not  only  do  llie  alternations  ex- 
ibit  this  difibrence  in  the  velocity  of  water,  but  the  structure 
"tlje  beds  themselves  shows  that  the  directions  of  the  cur- 
snts  have  continually  varied,  as  will  be  seen  by  the  annexed 
rood-cuts. 

Fig.  94.  Fig.  95. 

6   ^^^0f:° 
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Fig.  9'i.  in  tlie  clilTwest  of  Dawlish.  Fig.  95.  on  the  east 
oftlie  same  place,  a.  Conglomerate,  b,  b,  b,  b.  Sandstone 
deposited  by  changing  currents,  c.  Wavy  sandstone.  Tt 
VL'locit}'  of  tlie  currents  must  have  vnried  considerably  in  th^ 
immediate  neij^libourliood  of  these  sections;  for  amidst  sane 
stones  and  moderately  sized  conglomerates  on  the  west  side 
of  Little  Haldon  Hill,  there  are  blocks  of  quartziferous  por- 
pliyry,  generally  roundetl,  of  a  ton  or  more  in  weight.  Be- 
ing scattered  on  the  side  of  the  hill,  they  might  be  mistake 
for  superficial  erratic  blocks,  did  we  not  find  them  in  thei< 
proper  situations  on  the  sea  cliHs,  imbedded  in  the  mass 
rock.  The  transport  of  these  must  have  required  water  dk 
ving  with  consideral)le  vi^lociey,  so  great,  possibl}',  as  lo  grind 
<iown,  by  attrition  against  each  other,  the  rock  fragments 
inferior  hardness,  white  the  pieces  of  quartziferous  porphyry 
being  exceedingly  hard,  and  of  very  difficult  fracture,  have 
better  resisted  attrition. 

The  presence  of  these  porphyries  in  the  red  conglomerat 
of  South  Devon  is  remarkable,  inasmuch  as,  though   rolledj 
masses  of  the  same  kind  are  not  observed  uncoimected  will 
the  red  conglomerate  of  the  same  country.     The  absence 
such  rocks  on  the  exposed  surface  is  certainly  no  proof  that 
they  may  iiot  be  near  ;  for  when  we  consitler  the  area  cover*" 
by  the  red  sandstone   series  in   that  district,  there   is  ampU 
space  for  llie  abundant  occurrence  of  such  rocks  beneath  thd 
sandstone;  and  there  are  also  many  unexplored   situations 
where  they  may  yet  be  detected  among  the  rocks  now  unc 
vered  by  the  sandstone  series.     The  student  must  be  careful 
not  loo  hastily  to  generalize  on  such  facts  as  have  been  abov< 
noticed  in  DevonsTiire,  for  the  aj>|>earances  may  be  more  or' 
less  local.     When  however  we  extend  our  obsei"vations,  we 
find  that  conglomerates  are  very  ciiaracteristic  of  deposits  of 
llie  same  age  in  other  parts  of  Britain,  France,  and  Gerroany» 
and  they  must  frequently,  though  not  always,  rest  on  disturbec 
strain.     An  wu  can  scarcely  conceive  sucli  a  general  .ind  si 
multaneous  niDvernent  in  the  inferior  strata,  immediately  pre 
ceding  tile  rn>t  iL-posits  of  the  red  saTidstone  series, — that  every 
point  on  which  it  reposes  was  convulsed  and  threw  off  frag- 
ments of  rocks  at  the  same  moment, — we  should  rather  look  xa 
certain  foci  of  disturbance  for  the  dispersion  of  Iragnienls  of 
the  sudilen  elevation  of  lines  of  strata,  sometimes,  perhaps,^ 
pro<lucing  lines  of  mountains,  in  accordance  with  the  views 
M.  Elie  de  Reaumont.     The  accumulation  of  the  larger  frag- 
ments, and  the  relative  amount  of  conglomerate,  would,  under 
this  hypothesis,  be  greatest  nearest  to  the  disturbing  cause; 
and  amiil  such   turmoil  we  might  anticipate  the  occurrence 
lof  igneous  rockb  thrown  up  at  the  same  period.     If  we  returai 
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for  the  moment  to  that  part  of  Devonshire  with  which  we  com- 

[inenced  these  remarks,  we  shall  observe  facts  whicJi  seem  to 

[»fforil  support  to  this  view  ;  tr»r  where  the  conglomerates  are 

ibundanl,  there  is  no  want  of  iruppean  rocks  in  the  vicinity, 

[such  as  various  greenstones  nnd  jiorphyries,  which  have  cut 

ind  broken  through  the  slates,  limestones,  and  other  older 

:ks,  ill  various  directions:  and  I  had  recently  an  opportu- 

Enity  of  observing,   that  red  tjuartziferous  porphyry,  precisely 

resembling  some  of  that  which  occurs  so  abuiulantly  in  rolled 

frngmenis  in  the  red  conglomerate  of  the  district,  is  found  in 

inaijs  amotig  the  lower  portion  of  the  ialler,  and  even  (at  Ides- 

llon,  near  Exeter,)  surmounts  a  portion  of  it.     But  uoLwilh- 

standing  the  abundance  of  the  greenstones  and  dark-coloured 

porphyries,  fragments  of  them  have  not  yet  been  discovered 

among  the  couglonierates,  though  rolled  portions  of  the  red 

porphyries  are  so  abundant :  and  it  should  be  observed,  that 

good  sections  are  by  no  nieans  rare,  particularly  on  the  coasts. 

We  have  every  reason  to  consider  that  tlie  eruption  of  trap 

rocks  did  accompany,  if  partly  not  produce,  the  disruption  of 

,  strata,  whence  the  fragments  in  the  conglomerate  were  i!e- 

\  rived  :   for  we  have  seen  that  red  tjuartziferous  porphyry,  iu 

mass,  surmounts  a  portion  of  the  red  conglomerate;    anil  the 

»  occurrence  of  trappean  rocks  (principally  of  a  red  or  brown 
tint,  and  contuiiiiug  much  siliceous  matter,)  so  blended  with 
the  conglomerates  that  lines  of  separation  cannot  be  drawn 
between  them,  is  by  no  means  rare  iu  the  district  (Western 
Town,  Ideston,  and  other  places  in  l!ie  vicinity  of  Exeter). 
Now  if  igneous  rocks  were  ejected — a  conclusion  whicii  the 
facts  appear  to  justify — at  tlie  time  of  the  production  of  ihe 
conglomerate,  ihere  would  seem  no  reason  why,  under  fa- 
vourable circumstances,  the  two  should  not  be  in  some  mea- 
sure blended  w  ith  each  other.  Another  circumstance  also  lends 
probability  to  this  view,  and  thai  is  tlie  occurrence  of  peb- 
bles cemented  in  certain  inferior  beds,  (well  observed  on  the 
coast  and  in-land  between  Babbaconibe  Bay  and  Teignmoulh, 
at  the  Corbons,  Turbay,  in  the  vicinity  of  Exeter,  and  other 
situations,)  by  a  kind  of  semi-trappean  paste,  conlaioing  cry- 
stals of  that  variety  of  felspar  named  Murchisonite  by  Mr. 
Levi.  Such  a  cement  might  possibly  have  resulted  from  the 
upburst  of  igneous  rocks,  accompanied  by  various  gases  bc- 

L   neath  a  mass  of  water,  when  some  of  the  erupted  matter  may 

}  have  so  combined  as  to  form  a  cement,  in  whicli  crystals  of 
Murchisonite  became  developed  :   without  some  such  hypo- 

,    thesis  this  cement  seems  of  very  difficult  explanation. 

I  VVe  must  now  turn  from  this  scene  of  disturbance,  which 
may  be  one  of  the  extreme  cases,  {though  many  analogous 
facts  might  be  adduced,)  to  that  stale  of  things  where  no  vio- 
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lent  disrupting  cause  is  to  be  surmised,  but  where,  on  the 
contrary,  the  causes  which  produccil  the  arenaceous  rocks 
that  constitute  the  upper  portion  of  the  next,  and  inferior 
group,  have  not  been  interrupted  by  any  sudden  violence, 
one  series  of  rocks  passing  into  the  other  so  that  the  exact 
lines  of  demarcation  are  imaginary.  Such  a  state  of  things  is 
perfectly  consistent  with  local  and  violent  disturbances;  for 
tbe  consequences  of  a  violent  disruption  of  the  inferior  rocks 
would  extend  no  further  than  to  distances  proportioned  to 
the  agitatiiifT  cause;  and  the  effects  would  gradually  become 
less,  until  finally  the  deposits  at  remote  places  would  not  be 
interrupted,  though  the  disturbing  causes  may  have  prtxluced 
such  a  general  stale  of  things  in  me  fluid  mass,  and  in  the  re- 
hitive  positions  of  land  and  water,  that  future  deposits  would 
have  an  altered  character  ; — one  more  common  over  a  large 
area. 

This  supposed  passage  of  certain  lower  parts  of  the  re<l 
sandstone  group  into  the  upper  part  of  the  coal  measures, 
seems  also  supported  by  facts;  for  such  is  stated  t<j  be  llie 
cose  in  certain  parts  of  the  contiiient  of  Europe  ;  so  that  some 
geologists,  and  among  them  Humboldt,  Daubuisson,  and 
others,  consider  the  two  rocks  as  one. 

Between  such  extremes  there  would  be  every  variety  of  de- 
posit, produced  cither  by  difFerence  in  the  intensity  of  the  dis- 
turbing forces,  or  by  local  circumstances.  Thus,  sands  and 
little  or  no  conglomerate  might  be  found  resting  unconforni- 
ably  upon  older  rocks,  even  in  the  vicinity  of  greatly  disturljcd 
situations,  as  may  be  occasionally  observed  in  the  district  first 
noticed. 

Alter  the  causes,  whatever  they  were,  which  produced  the 
conglomerates  anti  sandstones  known  by  llie  name  of  Roth- 
liegeruks,  had  in  some  measure  been  modified,  a  considerable 
"deposit  of  carbonate  of  linje,  often  chargeit  with  carbonate  of 
magnesia,  took  place  over  certain  parts  of  Europe.  This  is 
the  Zcc/tslein,  which,  though  somewhat  extensively  developed 
in  certain  parts  of  Germany  and  England,  seems  little  known 
in  France.  The  causes  which  produced  this  limestone  liave 
therefore  not  been  so  general  as  those  which  have  furnished 
the  Hmestones  formerly  noticed  under  the  head  of  the  Oolitic 
Group,  which  are  distributed  over  a  far  larger  area.  A  de- 
posit of  bituminous  or  marly  slate  appears  to  have  been  con- 
temporaneous at  distant  places,  in  parts  of  Germany  and  in 
the  North  of  England,  containing  the  remains  of  a  marked 
genus  uf  fishes,  Palccothrissunu  There  is  nothing  in  itself  re- 
markable that  the  same  Hsb  should  be  discovered  in  rocks 
formed  within  the  same  geological  epoch,  at  such  distances  as 
loiisfeld  and  Durham ;  i'ur  if  these  districts  were  now  beneath 
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mmon  sea,  no  naturalist  wnukl  be  surprised  that  cod-fish, 
turbots,  and  mauy  other  fish,  sliuLtUl  be  caught  at  the  two 
places,  being  aware  tliat  cod-fish  are  found  on  the  shores  oCJ 
North  America  and  Europe,  and  that  salmon  ascend  the  ri-» 
ers  of  botli  continents.  The'  geologist,  therefore,  should 
expect  tn  find  the  remains  of  similar  ash  entombed  in  con- 
temporaneous deposius  within  certain  reasonable  limits  of  la- 
titude and  longitude. 

As  ytt^  these  fish  seem  only  to  have  been  observed  in  the 
copper-slate,  or  its  equivalent  marly  slate,  and  they  have  ap- 
parently periihed  by  some  common  cause ;  what  that  cause 
was,  is  by  no  means  clear;  but  certainly  waters  which  held 
the  component  parts  of  the  copper -slate  of  Thuringia  either 
ill  chemical  solution  or  mechanical  suspen!>ion,  would  be  liur 
from  favourable  to  their  existence;  and  if  the  fish  should  by 
any  chance  be  enveloped  by,  or  enter  into,  such  a  medium, 
they  are  little  Hkely  to  escape  from  it  alive.  When  we  con- 
sider the  numerous  marine  animals  always  ready  to  prey  upon 
fish  either  dead  or  alive,  and  the  small  chance  that  any  part 
of  them  will  remain  undevoured,  their  occurrence  in  a  fossil 
state  would  seeui  to  show  that  the  fossil  individuals  have  been 
so  circumstanced,  that  the  creatures  which  preyed  on  them 
were  either  destroyed  with  them,  avoided  those  situations 
which  had  been  fatal  to  the  fish,  or  were  otiierwise  unable  to 
get  at  them. 

By  reference  to  the  lists  of  organic  remains,  it  will  be  ob- 
served that  marine  vegetables  occur  with  the  fish  in  the  coji- 
per-slate.  Now  certainly  these  could  no  more  exist  in  a  me- 
dium impregnated  with  copper,  than  the  fish  ;  and  therefore 
one  would  suppose  ihyy  existed  prior  to  the  presence  of  such 
medium  :  but  as  we  cannot  be  certain  that  these  grew  near 
the  spot  where  now  entombed,  (for  marine  |)lants  may,  like 
the  Sargasso  Weed  in  the  Atlantic,  be  drifted  considerable 
distances,)  they  do  not  afford  direct  proof  that  the  copper- 
slate  was  of  sudden  tbrniation.  The  remains  of  tlie  Monitor 
and  some  plants  seem  to  indicate  a  certain  proximity  of  land. 

The  retiu'iiruler  of  the  zechstein  deposit  is  of  a  vt;ry  mixed 
character ;  part  being  such  as  we  may  consiiler  mechanical, 
while  much  seems  a  deposit  from  a  solution  oi  carbonate  of 
lime,  carbonate  of  magnesia,  and  sulphate  of  lime.  The  very 
frecjuent  occurrence  ot  the  two  latter  in  rocks  that  have  appa- 
rently originated  from  some  common  causes,  is  very  remark- 
able, and  has  not  yet  received  any  satisfactor}'  explanation. 

In  Somersetshire  and  the  neighbouring  districts,  as  will  be 
found  tletailed  in  the  valuable  memoir  of  Prof.  Buck  land  and 
Mr.  Conybeare,  the  lower  part  of  the  red  sandstone  group  is 
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very  frequently  a  conglomerate,  composed  of  the  broken  fiag- 
nicnis  of  inferior  oiul  older  rocks,  united  by  a  cement  contain- 
ing much  magnesia, — whence  tlie  term   Magnesian  or  Dolo- 
mitic  conglomerate.     This  rock  sometimes  graduates  into  a 
limestone  of  a  more  homogeneous  character,  apparently  con- 
taining also  much  magnesia.     This  conglomerate  seems 
result  of  violent  action  on  the  carboniferous  rocks  of  the 
strict,  detaching  various  portions  of  them;  in  fact,  product 
effects  similar  to  those  noticed  under  tlie  head  of  Hothlic 
des.     How  far  it  may  be  the  exact  equivalent  of  the  latt 
posit,  that  is,  how  lar  the  epoch  of  disturbance  may  be  pre 
contemporaneous,  may  admit  of  doubt ;   for  the  distut 
which  caused  the  deposit  of  the  rothliegendes  in  Germany  niaj 
have  preceded  that  in  Somersetshire,  so  that  the  latter  may 
have  been  brought  ujore  within  the  influence  of  a  spread  of 
calaireous  and  magnesian   matter.     Still,  however,  the  pro-     , 
duction  of  the  magnesian  conglomerates  of  Soraerset:^l^i^eao^H 
the  rothliegendes  of  Thuringia  would  not  appear  to  be  widelVH 
separated  Irom  each  other  as  to  time;  they  both  constitute  the 
lower  part  of  the  red  sandstone  group  in  their  respective  situ- 
ations, and  both  contain  fragments  of  rocks  commonly  derived 
from  their  more  immediate  vicinities. 

The  organic  character  of  the  zechstein  approiiches,  as  fat 
IIS  researches  have  yet  gone,  that  of  the  next,  or  carboniferoc  ' 
group ;  ProducliCy  which  abound  in  the  carbo nitrous  liir 
stone,  being  not  only  discoveied  in  the  zechstein,  (and 
student  will  observe  that  these  shells  are  now  introduced  f<\ 
the  first  time  to  his  attention,)  but  also  SpirifeiSy  shells  wbic 
likewise  abound  in  the  carboniferous  limestone. 

This  resemblance  in  organic  character  will  at  all  times  ren- 
der the  determination  of  the  two  rocks  difficult,  when  theii' 
geological  position  cannot  be  ascertained  with  certainly,  as  i( 
may  he  in  Germany  and  England  ;  and  this  diflicidty  may 
some  cases  be  considered  as  insurmountable,  should   the  d< 

fwsit  of  the  two  groups  have  been  continuous,  without  a  vie 
ent  break,  the  limestones  of  the  carboniferous  group  beii 
dispersed  dirough  the  coal  mea-iures  {the  ujiptr  part  of  thii 
next  group,)  in  such  a  manner  that  they  should  approach  lh< 
upper  terms  of  the  series  on  the  one  hand,  while  tlte   zed 
stein  should  descetul  towards  the  lowest  parts  of  ihe  red  siim 
stone  group  on  the  other.  We  might  under  these  circumstance 
have  a  series  of  arenaceous  and  limestone  rocks  representing 
the  carboniferous  group  and  the  lower  part  of  the  red  sandstonil 
grou|),  with  one  common,  or  nenrly  common,  organic  character] 
The  zechstein  is  surmouutcd  by  a  mass  of  rocks  for  th< 
most  part  arenaceous,  though  occasionally  argillaceous,  g>'p- 
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"iemis  and  snliferows.  Tlie  procloniiiinnt  colour  is  red,  though 
ii  is  not  unfreijiienily  varit'ffalecl,  whence  the  names  Banter 
Sandsiehi,  Gres  bigaife.  Where  the  zcchstein  is  uaiuiug,  this 
satuislone  graduates  into  the  inferior  conglomerates;  and  when 
the  niuscheikaik  is  absent,  as  is  commonly  the  case  in  England, 
into  the  red  or  variegated  marls:  therefore  where  both  calca- 
reous deposits  are  wanting,  as  in  Devonshire,  the  whole  group 
is  composed  of  conglomerates  in  the  lower  part,  sandstones 
in  the  centra!,  and  ninrls  in  the  upper  part;  an  arrangement 
which  suggests  the  possibility  of  the  whole,  in  that  districi, 
being  the  result  of  some  violent  connnotion,  whicJi,  as  the  dis- 
turbing causes  ceased,  deposited  the  various  matters  held  by 
water  in  mechanical  suspension,  soniewltat  in  the  order  of  their 
specific  gravities;  always  considering  the  deposit  in  the  mass: 
for  not  only  are  there  alterjiations  of  conglomerates  and  sand- 
stones, sandstones  and  marls,  where  these  pass  into  each  other 
on  the  large  scale,  but  frequent  mixtures  of  them  also  occur 

■on  the  small  scale,  —  a  circumstance  easily  accounted  for  by  the 
P^irious  tlirections  and  velocities  of  the  currents  produced. 
Viewed  ir)  the  mass,  ctrcumstances  appear  to  have  been  un- 
fnTourabie  in  those  j)arts  of  Europe  which  have  been  best  ex- 
amined, if  nut  lo  the  existence  of  aniniarand  vegetable  life,  at 
least  to  their  envelopment  and  preservation  ;  for,  with  the  ex- 
ception of  AUace  and  Lorraine,  lisw  or  no  organic  remains 
have  been  detected  in  it-  The  vegetables  have  been  enume- 
rated in  the  lists  of  organic  remains,  from  the  descriptions  of 
M.  Adolphe  Brongninrt,  us  at^o  the  romaitis  of  shells  noticed 
by  M.  Voltz  and  others.  It  will  be  observed  that  these  shells 
are  not  analogous  lu  those  found  in  die  /echstein,  but  to  those 
discovered  in  the  innschelkaik,  a  rock  well  developetl  in  the 
same  district;  and  it  is  further  important  lo  observe,  that  the 
remains  discovered  by  M,  Elie  ile  Beaumont  in  ihesandstcme 
under  consideration  in  the  district  of  the  Vosges,  were  not  llir 
beneath  the  muschelkalk.  I  obtained  numerous  fragments  of 
vegetables  from  the  sandstone  near  Epinal,  Vosges,  and  tJie 
nuarrymen  informed  uie  that  they  very  commonly  discovered 
llieni. 

We  next  arrive,  in  the  ascending  order,  to  the  Muschelkalk, 
»  limestone  the  general  characters  and  known  extent  of  which 
have  been  above  noticed.  We  here  have  evidence,  that  pro- 
bably at  the  same  epoch  a  deposit  of  calcareous  matter,  mixed 
sometimes  with  carbonate  of  magnesia,  sulpliale  of  lime  antt 
salt,  took  place,  if  not  contiiuiously,  at  least  at  various  places, 
from  Poland  to  the  South  of  France  iivclusive,  and  that  the 
marine  animal  life  distributed  over  this  surface  was  nearly  of 
same  kind.     IJut  it  is  a  remarkable  circumstance,  that  this 
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life  was  not  of  the  snnie  kiml  as  tliol  which  existed  al  ihei 
wlien  ihe  zechstein  was  formed;  the  organic"  character  of 
two  rocks  is  distinct,  and  therefore  those  who  found  their 
visions  of  strata  solely  on  this  character,  do  well  in  drawii 
a  line  between  the  zechstein  and  muschclkalk.  If,  howevi 
we  look  at  these  rocks  on  the  large  scale,  and  sec  the  niiuei 
logical  passages  which  exist  between  the  nuischelkalk  aud  the 
rocks  above  and  beneath  it,  aiul  observe  that  the  latter  is  far 
from  being  a  constant  rock  in  the  series,  and  that  when  it  is 
absent,  diose  beds  between  which  it  is  interposed  graduate 
into  one  anotiier, — there  seems,  theoretically,  a  difficulty  in  se- 
parating them,  and  practically,  a  very  great  inconvenience  in 
tloing  so.  In  whatever  niamier  this  may  be  considered,  the 
lact  appears  certain,  that  circumstances  had  arisen,  changing 
the  character  of  marine  life  over  certain  portions  of  Kurope; 
lluu  certain  animals  abountling  previously,  and  apparently  ft»r 
ft  great  length  of  time,  (for,  as  will  l)e  seen  in  the  .sequel,  they 
arc  enveloped  in  various  thick  ami  older  deposits,)  have  dis^^ 
appeared  never  to  reapjiear,  at  least  as  liir  as  we  can  Judge  frui^H 
onr  knowledge  of  organic  remains.  ^^ 

While  on  the  subject  of  the  muschclkalk,  it  may  be  useful 
to  show  the  manner  in  whiciv  this  rock  gradually  disappears 
ill  Germany,  so  that  (he  Red  or  Variegated  Marls  {Kctipo) 
above,  .and  the  Red  or  Variegated  Sandstone  {Bunler  Sand- 
stein)  beneath,  approximate  and  finally  constitute  one  nia!<s, 
such  lis  is  seen  in  Englauil.  In  some  places  tiiick  beds  of  n 
red  or  variegated  marl  occur  in  the  nuischelkalk.  The»c 
marls  gradually  become  more  developed  at  tlie  expense  of  the 
muschelknlk,  so  that  the  latter  ap|>ears  merely  as  a  few  sub- 
ordinate beds  in  a  mass  of  red  marl,  which  may  be  considered 
as  common  both  to  the  keuper  above  or  the  hunter  sandsteia 
beneath.  This  fact  is  observable  at  the  termination  of  the 
north- western  range  of  hills  of  Germany,  It  is  very  clearly 
seen  on  the  southern  declivity  of  the  coal  range  of  Ibbeii- 
biihren,  in  the  district  of  Oster  Leilde.  The  hunter  sandslein 
here  chiefly  consists  of  reti  marls,  with  a  feu-  beds  of  siUKlstone. 
Above  this  fulilows  limestone,  about  fifty  fc^t  thick.  It  is  of  a 
light  gray  colour,  thinly  laminated  and  friable,  intermixed  with 
some  thicker  beds  of  dark-blue,  gray,  and  yellowish  brown. 
Eucrinites  and  other  characteristic  fossils  are  not  wanting  in  it. 
Above  this  rests  red  marl,  exactly  resembling  that  beneath,  in 
which  there  are  txvo  or  three  limestone  beds,  which  can  only 
be  consiijered  as  belonging  to  the  muschclkalk.  The  upper 
part  of  this  marl  is  not  to  be  distinguished  from  the  keu|H.T. 
The  limestone  beds  finally  vanish  between  the  red  marls  by 
passing  into  rock^;,  which  resemble  the  calcareous  marls  of  tin 
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keuper*.  Thus  a  rock,  which  has  Ibrmcd  a  very  mnrkeil 
feature  in  the  reil  sand>>t(*i)e  gi'uu|),  dihapjieai's  even  in  a  coun- 
try where  it  is  largely  developed,  and  where  its  geological  im- 
porUmce  is  considerable. 

Among  ike  organic  remains  of 
the  niusclielkalk,  two  of  the  most 
characteristic  ul  which  are  consi- 
dereil  to  be  the  Ammonites  nodosiis 
(Fig.  96.)  and  Encrinites  monili/or- 
mis{E.liliifonnis  Schl.),  are  reptiles 
of  various  forms.     That  extraordi- 
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genus  the  I'lestosaurus, 
perhaps  also  his  common  fossil  com- 
panion the  Ichihj  osauriis,  then  ex- 
iste<l  near  wliat  now  constilules  the  eastern  part  of  France,  and 
the  adjoining  portion  of  Germany.  How  far  these  singular 
vjaurians  now  first  appeared  in  any  numbers  oJi  this  part  of  the 
globe,  it  would  be  jiretirature  to  say;  for  It  nnist  always  be  re- 
collected, that  the  pccstrvatiou  of  such  remains  would  seem  In 
some  measure  to  depend  on  local  circumstances,  possibly  also, 
in  some  cases,  on  the  proximity  of  land,  and  the  cliance  that  if 
drifted  about  ot  sea  when  dead,  they  escaped  the  other  preda- 
ceous  animals  of  the  deep,  all,  great  and  small,  ready  to  devour 
them. 

The  Red  or  Variegated  Marls,  which  surmount  the  mus- 
chelkalk,  possess  a  comnron  mineralogical  character  over  very 
considerable  surfaces,  such  as  would  lead  us  to  suppose  some 
cause  or  causes  exerting  an  influence  of  a  similar  kind  over  a 
large  area.  At  least  ^lOnle  of  the  deposit  would  appear  che- 
mical, more  particularly  the  masses  of  gypsrun  and  rcck-salt 
which  exist  in  certain  situalronv.  How  far  ihe  mass  of  marls 
Oiay  be  partly  cheuiiciii  or  wholly  mechiuiical,  may  in  the  ])re- 
sent  stale  of  science  admit  of  a  doubt;  but  the  sandstones  with 
which  they  are  in  some  countries  coiniected,  and  which  even 
seem  to  replace  tlieni  in  others,  (as  has  been  above  noticed,) 
ore  of  mechanical  origin,  inclosing  beds  of  coal,  the  result  pro- 
bably of  accumulated  vegetable  matter.  Sitmc  of  the  vege- 
table remains  are  still  sufKciently  preserved  to  be  delemiined, 
as  in  the  red  or  varietiated  marls  of  the  Vosjies. 

It  we  now  abstract  our  attention  horn  these  divisions,  and 
regard  the  group  as  a  mass,  it  would  seem  to  constitute  the 
bn«.e  of  a  great  system  of  rocks,  which  when  not  deranged  by 
h)cal  accidents  has  filled  numerous  hollows  and  inequalities  of 
land  over  considerable  parts  of  Europe.    Such  a  hollow  is  well 


•  Hufrman,  Ubor  (liegii>t(iioslisclK'n  Verliiiltiiisisc  Jit  tJcgciul  von  IbUn- 
liiilircu  und  Usuabruck,  Ktirstcn's  Archiv  fiLr  DtTgb.  \i,  12. 
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seen  in  our  own  ishind,  where  the  central  comities  arc  occiij 
by  the  red  saiidslone  series,  jipparentiy  fillint;  up  a  previously 
existing  depression  in  thai  situulion  ;  Inil  it  is  liere  willioul  that 
great  C!ippinf»  of  the  oolitic  i^roiijv,  vvhtch  for  the  most  j>art 
rests  so  conformnbly  n[)on  it;  so  that  taken  as  a  whole,  and 
abstraction  being  made  of  minor  deraofrements,  ihey  would 
both  seem  to  fill  up  great  depressions  in  Europe;  sonielimes, 
as  is  the  case  in  Norniandy,  lite  oolitic  rocks  overlapping  and 
coming  in  contact  with  strata  older  than  the  red  sandstone 
group,  upon  which  latter  d»ey  neveriheless  rest  so  conformably 
that  the  one  seems  a  tranquil  deposit  on  the  other.  We  must 
of  course  consider  that  lumierous  local  disturbances  woulil  pro- 
duce a  nvarked  difference  in  the  cSeposits,  even  amounting  to  a 
perfectly  nnconlormable  position ;  yet  the  conlbrmable  nature 
of  tlie  two  groups  taken  in  (he  mass  is  somewhat  striking. 
During  their  deposit,  great  and  leniarknbte  changes  were  ef- 
fected in  animal  and,  perhapsj  vegetable  life;  and  it  seems  some- 
what necessary  to  a<lmit,  that  considerable  dtflerences  in  the 
relative  levels  of  sea  and  Inrvd  were  produced  at  various  times, 
causing  changes  in  the  character  of  ttie  inhabitants  of  the  sen, 
from  variations  of  pressure  and  other  circumstances,  while  nw 
small  iliHt?rence  juiglit  be  effected  from  the  filling  up  and  rise 
uf  the  bottom. 

The  following  sunininry  of  the  fossils  stated  to  be  found  in 
the  Red  Sandstone  Group  of  Euro|ie,  will  exhibit  our  present 
knowledge  of  its  organic  contents. 

In  the  I'a/icgalcd  Marls. — PlnnfeC,  Eijuisetum,  3  species; 
Pecopleris,  1  ,•  Ta."niL(|)ieris,  1;  Filicites,  2;  Maranloidea,  1; 
Pteropliyllmn,  3.  liadiaria^  Ophiura,  1.  Couchifera,  Plngi- 
ostoma,  1;  Cardiiim,  1;  Trigonia,  3;  Mya,  2 ;  Avicuta,  21; 
Posodonia,  2;  Modiola,  1;  V'cncricardia,  1  ;  Lingida,  1;  .Sax- 
icava,  1.  Mullusca^  Buccinnm,  1.  /^/sre.T,  genera  not  deter- 
mined, /^tyj^y/fw,  Phytosaunis,  2;  Mastodonsaurns,  1;  IcIj- 
thyosaurus,  I  ;  Plesiosaurus,  1, 

Thus  making,  Plantar^  6  genera,  1 1  species.  Radiaria,  I 
genus,  1  species.  Coj/f/z/yirff,  10  genera,  16  species.  MoUttsea^ 
1  genus,  ]  species.  Pisces^  number  of  genera  and  species  not 
determined.  Repitlid,  4-  genci"a,  5  species, — Total,  22  genera, 
34-  species. 

In  f/ie  Mmchelkalk, — Pianttet  Neuro|>teris,  1 ;  Manteltifl,  I. 
Zoophij(i\  Astrea,  1.  Radiariay  Cidaris,  1;  Ophiura,  2;  As- 
terias,  I  ;  Encrinites,  1 ;  Pentacrinites,  1.  Amiulala,  Serpida,  2. 
Concfiijeray  Terebratula,  -t ;  Delthyris,  or  Spirifer,  1;  Lio- 
gula,  1  ;  Oslrea,  9;  Gryphtea,  1  ;  Pecten,  4;  Plagiostomo,  5; 
Avlcula,  4;  Mytikts,  1 ;  Ti  tgonia,  6;  Area,  1 ;  Cardium,  2; 
Mya,  5;  Venus,  1;  Mactra  ?  1;  Cuculla-a,  1.  Molfusra, 
Calyplnea,  1;  Cupulus,  1  ;  Denlalium,  2;  Trochus,  "     "^ 
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lelln,  5;  l^iiccijium,  2;  Strombus  1;  Nalica,  2;  Turbo,  2; 
Nautilus,  2;  AiTiiiioiiiles,  2.  Crustacea,  Paliiiurus,  1.  PiseeSy 
genera  not  (leterniiiied.  Rrptilia^  Plesiosaiirus,  1  ;  Ichthyo- 
saurus, 1 ;  Crocotlilus,  1 ;  Great  Saurian,  gerais  not  named; 
CheloJiia,  1. 

Thus  making:  PlanteC,  2  genera,  2  species.  Zoop/ii/te,  I 
genus,  I  species.  Radiaria,  5  genera,  G  species.  Aunutnlay 
1  genus,  2  species.  Conchiferay  ICJ  genera,  47  species.  Mol- 
lusca^  11  genera,  21  species,  Crustacea,  1  genus,  1  species. 
Pisces,  nunibtr  of  genera  ami  species  not  known.  Rejitilia, 
5  genera,  5  species. — Total,  42  genera,  85  species. 

Jn  the  Red  or  Variegated  Samhtone, — Pianltv,  Equisetum, 
1  species;  Calamites,  2;  Anoniopteris,  1;  Neuropleris,  2; 
Sphenopteris,  2;  Fiiiciles,  1;  Vultzia,  5;  Convalhirites,  2; 
Paleoxyris,  1  ;  Ecliinoslochys,  1  ;  Elhophyllun],  I.  Couchifera, 
Plagiostonia,  2;  Avlcuta,  2;  Mytilus,  1;  Trigonia,  1;  Mya,  2. 
Mollusca,  Nalica,  1  ;  Turritella,  2;  Bucciriuiii,  1. 

Thus  making;  Plant/c,  11  genera,  19  species.  Conchifaa, 
S  genera,  8  species.  Mollusca,  3  genera,  4  species. — ^Total, 
19  genera,  31  species. 

In  the  Zcehstehi. — Planice,  Fucoiiles,  6  species;  Pccopteris, 
2;  Lycopodites,  1  ;  Asterophyllites,  1.  Zoophyta,  Gorgonia, 
3;  Calamtipora,  1;  Hetepora,  2.  Radiaria,  Encrinus,  1; 
Cyathocrinites,  \.  Conchifcra,  Delthyris,  or  8|iirifer,  4;  Te- 
rebratula,  0;  Producta^  or  Lcptana,  7;  Orhicida,  1  ;  Axinus, 
I  ;  Ostrea,  1  ;  Pecten,  1 ;  Phtgiostonia?  1  ;  Avicula,  1  ;  Myti- 
lus, 3 ;  Modiola,  1 ;  Area,  I  ;  Cucullaca,  1  ;  Asiarte?  1 ;  Venus? 
1.  Mollusca,  Turbo?  1;  Pleurotomaria?  1;  Melania?  I; 
Ammonites,  1.  Pisces,  Pala.'othrissum,  8;  Stromaleus,  2; 
Clupea,  I.     Reptile,  Monitor,  1, 

Thus  making:  Planter,  4  genera,  10  species.  Znoj)hi/fa,  3 
genera,  6  species.  Radiaria,  2  genera,  2  species.  Conchifcra, 
15  genera,  34  species.  Mollusca,  4  genera,  4  species.  Pisces, 
3  genera,  1 1  species.  Reptile,  1  genus,  I  species. — Total,  32 
genera,  68  species. 

It  would  ii|)pear,  more  ])articular]y  froni  the  descriptions  of 
Humboli!!:,  that  \cTy  extensive  tracts  of  red  sandstones  and 
congionierales  exist  in  Mexico  and  South  America;  how  far 
ihese  may  be  of  contemporaneous  prudiiction  with  the  red 
sandstone  series  of  Europe,  the  state  of  science  does  not  per- 
mit us  very  satisfactorily  lo  determine.  Tlic  porj>liyries  and 
slates  of  New  Spain  are  suriiiounted  by  red  conglomerates  and 
.sandstones,  forming  tlte  plains  of  Celayn,  Salamanca,  and 
'Burras,  and  sup)porling  a  limestone  whicli  mineralogically  re- 
sembles that  of  the  ,)ura.  The  conglomerates  contain  fragments 
of  nre-existiag  rocks,  cemented  by  an  argitto-ferruginous,  and 
yellowish  brown  or  brick  retl,  paste.     In  Venezuela,  the  vast 
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plains  are  in  n  great  measure  covered  by  red  sandstones  anit 

conglomerates,  with  limestones  and  gypsum  ;  the  former  being 
depositee!  in  a  concave  manner  between  the  coast  mountains  of 
the  Caracas  and  die  mountains  of  Parima,  resting  on  slates, 
termeil  transition,  on  die  north,  while  on  the  south  they  repose 
upon  granite.     This  arenaceous  deposit  is  covered,  at  Tisnao, 
by  compact  whitish  gray  limestone.     An  immense  extent  of 
red  Hututstone  h  described  as  "  not  otdy  covering,  nearly  wil 
out  interruption,  llie  southern  plains  of  New  Grenada,  betwc 
Mompox,  Mahates,  and  the  mountains  of  Tolu  and  Maria, 
also  the  basin  of  the  Rio  cle  la  Ma«^dalena,  between  Tenerif 
anfl  Melgar,  and  that  of  the  Rio  Cauca,  between  Carthago  and 
Cidi."     The  conglomerates  of  this  country  are  composed 
angular  fragments  of  lydian  slone,  clay-slate,  gneiss  and  quart 
cemented  by  argillaceous  and  ferruginous  matter.     Tliese  coii 
glonierates  ftlteitiaie  with  schistose  and  quartzose snnd stones | 
According  to  Humboldt,  the  Cordilleras  of  Quito  present 
him  with  llie  greatest  extent  of  red  sandstone  whicli  he  had 
served,  covering  ifie  whole  plateau  of  Tarqui  and  Cuen^a 
twenty-five  leagues.     The  sandstone  is  generally  very  argilll 
ceous,   with  small  griiins  of  slightly  rounded  quartz;  but  it: 
sometimes  schistose,  and  alternates  with  a  conglomerate  cc 
taining  fragments  of  poiphyry  from  three  to  nine  inches  in 
ameter.     The  same  author  considers  that  die  red  sandstone  of 
Cuen(;a  also  occurs  in  High  Peru,  and  remarks  on  the  resem- 
blance of  these  rocks  of  New  Grenada,  Peru  and  Quito,  to  the 
red  sandstone  or  roihlicgcndes  of  Germany  f. 

A  series  of  red  sandstones,  intermixed  with  conglomerat* 
occurs  extensively  in  Jamaica,  particularly  in  tlie  Port  Royi 
and  St,  Andrew's  nuumtains,  stretching  thence  iiorth-wes^i 
towards  the  uoith  side  of  the  island.  The  sandstone  is  geil^H 
rally  siliceous  and  compact,  intermixed  with  marly  red  sanJB^ 
stone  and  marl,  and,  though  rarely,  with  gypsum  (Hope  Val- 
ley). The  conglomerate  is  formed  of  pebbles  (from  an  inch  to 
four  inches  in  diameter)  of  granite,  large-grained  greenstone, 
sienite,  nuartz,  liorustone,  &c.  Beds  of  a  gray  colour  are  in- 
termixed with  these  rocks ;  and  subordinate  to  them  are  strata 
of  compact  gray  limestone  and  of  shale,  and  schistose  sandstone 
intermixed  with  coaL  The  higher  portion  of  die  mass  is  formed 
of  a  conglomerate  in  a  great  nteasiire  composed  of  pieces  of 
trap  rocks,  principally  [lorphyry,  the  cementing  matter  being 
most  frequently  reddish  biovMi  and  argillaceous,  varying  in  in- 
duration, sometimes  so  obscure  that  the  pebbles  seem  joined  by 
a  trappean  cement.  Mixed  more  particularly  with  this  supe- 
rior portion  there  is  n  great  variety  of  trappean  rocks,  such  as 

*  Humboldt,  Gisoment  dcs  Roclica  dans  lei  deux  H^misph^ns.     f  tbiil. 
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stenite,  greenstone,  porpliyries,  &c.  nppearing  ns  if  an  upburst 
of  igneous  matter  hnd  accompanied  the  production  of  the  con- 
glomerates. The  reil  conglomerates  and  sandstones  pass  be- 
neath into  fi  rock,  which  at  first  tiiffers  from  them  only  in  co- 
lour, and  finnlly  presents  the  mineratogical  chnrncter  of  grau- 
wacke.  The  aggregate  tfiickiiess  of  llie  whole  is  considerable, 
unioiniting  to  several  thousand  feeU  These  rocks  appear  to 
me  the  equivalent  of  those  named  red  sandstone  in  the  neigh- 
bouring continent  of  America*. 

The  mere  mineralogical  resemblance  of  this  deposit,  in  Ame- 
ricn  and  Janiaicn,  with  the  sandstones  and  conglomerates  of 
the  red  sandstone  group  of  Europe,  is  in  itself  of  no  great  va- 
lue, and  therefore  we  can  only  at  present  conclude  that  consi- 
derable forces  Imve  been  exerted  in  both  parts  of  the  world 
(wliether  contemporaneous  or  not  remains  lobe  determined), 
which  have  dispersed  frngments  of  pre-existing  rocks,  scatter- 
ing lliem,  most  probably  by  the  medium  of  agitiUcd  water,  in 
various  directions,  the  transporting  powers  l)eing  unequal,  so 
that  sandstones  and  marls  alternate  with  conglomerates.  These 
sandstones  and  conglomerates  would  appear,  from  the  descrip- 
tions of  geologists  ami  intelligent  travellers,  to  extend  from 
Mexico  far  into  the  heart  of  North  America;  so  that  if  differ- 
ent deposits  have  not  been  conlbunded  under  one  head,  as 
might  easily  hajifjeu  in  England  if  tt  were  an  uncultivattd 
country  and  rapidly  examined,  (the  old  red  sandstone  of  En- 
glish geologists  being  confounded  with  their  new  red  sand- 
stone,) these  sandstones  and  conglomerates  of  America  would 
appear  not  the  result  of  n  limited  disturbance,  but  of  one  com- 
mon to  a  considerable  surface. 

•  For  a  more  ilL-tailfd  account  of  tliese  and  other  Jnmukn  ri>vV?,  witli  sec- 
tion*, cansult  my  Remarks  on  the  Geology  of  Jaiuaicu,  (nol.  Tranu,  2ik1 
hCeries,  vol.  ii. 
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Section  VIII. 
CARBONIFEROUS  GROUP. 


Stn. — Coul-mpasiirps,  Engl.  Auth.  ( Terrain  HouilUr,  Fr.  Auth.  Sleinkohlrn- 
gebirt/r,  Gittii.  Auth.).  Carboniferous  limestone,  Contfb.  (Mountain  limt-  \ 
stone,  Kngl.  Auth.  Calcaire  carbonijh-e,  Caicaire  anlhraxljrre,  Co/coii^^M 
de  Traiitttion,  Fr.  Auth.  Bcrgkalk,  KohUnkalk,  L'eberrgang»katk,  aV^| 
Neuere  Ueberifangtkalk,  Gertn.  Auth.).  Old  red  sandstone,  Kngl.  Aum^^ 
(Gres  rouge  internwtliaire,  Fr.  Auth.  Jiingeret  Grauicacketigebirge,  Genu. 
Aut]).     Alter  rolher  sandttein,  Von  Uechen.) 

Coal  Measures. 

These  are  comjiosed  of  various  beds  of  sandstone,  shale,  at 
coal,  irregularly  iiiterstrntified,  and  m  some  countries  intc 
mixed  willi  coiigiomcrates;  the  whole  showing  a  mechonicaT 
origin.     Tiie  conl-measures  abound  in  vegetable  remains,  and 
the  coal  itself  is  now,   by  \eTy  general  consent,  referred  to  a 
vegetable  origin,  being  considered  the  acciuniilution  of  an  ira-^^ 
mense  mass  of  plants.  ^H 

The  sandstone,  shale,  and  conglomerate  beds  vary  much,  f^™ 
might  be  expected,  in  dilferent  situations.     Some  being,  even 
in  the  same  districts,  more  continuous  than  others  ;  a  .sandstone 
bed,  for  example,  becoming  gradually  thinner  and  finally  disap- 
pearing, so  that  the  beds  above  and  beneath,  shoulil  their  cont'^ 
nuity  continue,  come  into  immediate  contact  with  each  oth 
The  like  happens  with  the  shale,  conglomerate,  and  even  ct 
beds.     Undoubtedly  some  beds  are  persistent  over  a  gre 
area,  but  nothing  can  be  more  various  than  the  areas  occupied 
by  any  given  betls.     It  thus  becomes  highly  important  to  trace 
given  beds  witli  accuracy,  noting  whether  they  tenninate  bv 
gradually  fining  off,  or  by  an  almost  insensible  change  in  their 
mineralogical  character;  such,  for  instance,  as  a  sandstone  bed 
acquiring  argillaceous  matter  by   degrees,  and  thus  jiassing 
through  a  sandy  into  an  argillaceous  shale. 

It  is  statetl  by  Mi'.  Butklle,  that  as  the  sti\ita  of  the  New- 
castle coal-field  rise  or  crop  upwards,  the  sandstone  beds  in- 
crease in  nutnberand  thickness;  whereas  the  argillaceou.s  shales 
increase  in  tlie  opposite  direction  *.  The  same  author  re- 
marks, that  the  quality  of  the  coal  in  the  same  district  greatly 
depends  on  the  kind  of  bed  which  immediately  covers  tlie  coal 
stratum,  and  that  the  coal  is  always  deteriorated  vviien  covered 
by  sandstone,  becoming  in  tluit  case  more  or  less  mixed  with 

•  Buddie,  Trans.  Nat.  llisl.  Soc.  Newcastle,  vol.  i.  p.  238 


il  Measures. 


877 


iron  pyrites;  wliereas  it  is  of  comparatively  good  quality  be- 
;ath  argillaceous  shijte*.  This  difl'erence  in  the  comparative 
lue  of  the  coal  itself  beneath  sandstone  or  shale,  would  seem 
uliiy  accounted  for  by  the  difference  in  the  character  of  the 
ro  rocks,  the  first  being  generally  pervious  lo  gases  and  liquids, 
'wbile  the  shale  would  by  no  means  so  readily  permit  the  passage 
of  either.  Hence  it  would  follow,  not  oidy  that  the  vegetable 
matter  would  he  better  preserved  beneath  ihe  shale  from  the 
>mparative  difiicult  escape  of  gaseous  matter  upwards,  but 
it  it  would  also  be  preserved  Jrom  injury  by  the  difHculty 
Hth  which  water,  not  only  pure,  but  charged  with  foreign 
latter,  would  have  in  percolating  downwards. 
In  tracing  coal-beds,  it  has  been  observed,  that  the  same 
d  frequently  varies  much  in  thickness,  sometimes  being  much 
linner  tlinn  at  others.  Moreover  shale  and  sandstone  often 
Bt  interstrati/ied,  as  it  were,  with  llie  coal-beds,  thus  parting 
lem  into  minor  beds.  The  area  and  depth  occupied  by  these 
iterstralified  portions  of  sandstone  and  shale,  though  of  little 
iportance  in  some  beds,  become  not  unfrequently  in  other 
^oal  strata  so  considerable  as  seriously  to  itijure  the  value  of 
the  coah 

■   It  is  by  no  moans  uncommon  to  describe  the  coal  deposits 
■s  basins;  but  it  may  be  doubted  how  far  this  turm  is  generally 
Borrect:  for  admitting  that  many  accumulations  of  these  beds 
T»ave  been  deposited  williin  depressions  of  the  surface,  it  would 
by  no  means  seem  to  follow,  reasoning  at  least  from  the  mode 
in  which  vegetable  accumuiatioiis  are  now  formed,  that  all  coal- 
measures  have  been  llius  |)rodufed.     Suppose  plants  lo  be  car- 
Iied  down  rivers,  such  as  now  liappens  at  the  mouth  or  delta 
Fthe  Mississippi,  we  should  ill  characterize  the  deposit,  by  the 
trm  basin-shaped,  winch  would  seem  to  imply  a  hollow  or  de- 
ression,  bounded  by  a  circumference  of  nearly  equal  eleva- 
on. 
The  following  analyses  by  Dr.  Thomson  exhibit  the  va- 
rious proportions  of  elementary  substances  existing  in  some  of 
"le  coals  of  England  and  Scotland : — 


» 


Cnrljon. 

Hv'dropcn. 

Oxygen. 

Nitrogen. 

Newcastle  Caking^  Coal  .  , 

.  .     7.'>-28   . 

.  .'  118  . . 

.     4.fi8  . 

.  .   15-96 

Glasgow  Splint  CoaI    .  .  . 
Glasgow  Cherry  Coal  .  .  , 

.     7.^00   . 

..     (i-25  .. 

.  12-50  . 

.  .     6-25 

,  .     71-4.5   , 

.  .  12-10   .  . 

.     2-93  . 

..  10-22 

Cannpl  Coal , 

.  .     04-72  . 

.  .  21-56  .  . 

.     0-00  . 

.  .  1.'172 

Carburetted  hydrogen,  oxjire  dam}\cX\k\^  collieries,  is  well 
known  as  anabuntLint  product  of  most  coal-mines.  Mr.  Buddie 
observes  that  the  iliscliarge  of  this  gas  in  the  ordinary  work- 
ings of  a  colliery  mtich  tlcpends  on  the  pressure  of  the  atmo- 


*  Buddie,  Traus.  Nat  Hist  Soc.  Newcaatlc,  vol.  i.  p.  217. 
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sphere;  being  prentest  when  that  pressure  is  least,  tlie  gns 
hyiiifr  then  enauled  more  freely  to  escape  from  the  pores  and 
fissures  of  the  cnal.     The  same  author  remarks,  that  a  sand* 

stone  roof  (the  bed  immediately  above  the  coal  stratum)  from 
being  commonly  split  into  innumerable  fissures,  and,  conse- 
quently, receivinjx  the  gas  wlien  evolved  from  the  coal  beneath, 
becomes  a  great  natural  gasometer,  ready  to  pour  out  the  car- 
buretted  hydrogen  when  circumstances  are  favourable*.  To 
this  it  may  be  added,  that  those  sandstones  which  are  suffi- 
ciently porous  to  permit  the  percolation  of  water  downwards, 
would  likewise  allow  of  the  escape  of  gas  upwards,  particularly 
if  it  were  in  a  coiDpressed  stale:  hence  a  sandstone  roof  wou]<l 
probably,  in  many  cases,  be  saturated  with  carburetted  hydro- 
gen, of  greater  or  less  density,  according  to  circumstances. 
Mr.  Hutton  considers  tlint  this  gas  exists  in  a  highly  con- 
densed, and  even  liquid,  state  in  the  pores  of  the  coal.  ThLs 
o|)iiiion  is  rendered  probable  by  the  fact  tliat  small  explosions 
from  coal,  technically  called  cructationsy  are  not  uncommon 
when  the  coal  is  struck  with  the  pick ;  these  explosions  being 
apparently  t\u&  (o  the  suttden  expansion  of  condensed  gas. 
Mr.  Buddie  reljites,  that  in  a  part  of  Jarrow  colliery,  near 
Newcastle,  the  cructationx  were  as  loud  as  the  report  of  a  mus- 
ket, laige  fragments  ofcoal  being  thrown  off  at  the  same  timef. 

Coal  varies  considerably  in  the  quantity  of  bitumen  it  con- 
tains, and  is  more  or  less  valuable  for  economical  purposes  ac- 
cording to  the  aiimixture  of  this  substance.  The  quantity  of 
coal  raised  in  the  Brilisli  Isles  is  very  consitlcrahle,  and  it  may 
be  said  dmt-to  this  substance  and  the  iron-ore  found  in  the  same 
deposit,  England  owes  a  great  part  of  her  commercial  pros- 
perity ;  for  to  the  abundance  and  cheapness  of  both  these  sub- 
stances in  various  districts,  we  are  indebted  for  a  large  pro- 
portion of  our  manufactures,  the  same  series  of  beds  not  only 
furnishing  fuel  for  working  the  steam-engines,  but  also  iron  for 
their  construction. 

In  the  present  condition  of  the  coal-measures,  opportunities 
of  observing  design  seem  to  be  afforded  us,  even  when  these 
rocks  are  so  ilfs}>osetl  that  at  first  sight  such  design  does  nut 
appear  very  obvious. 

•  Buddie,  on  the  Explosion  in  Jorrow  ColUerj' :  Trans.  Nat.  Hist  Soc.  New- 
castle, vol.  i. 

f  Buddie,  Ibid.  Tlic  exjilosion  wliiuli  took  placu  hi  Jnrrow  collierj',  .Au- 
gust, 1830,  was  caused  by  n  volume  of  carburetted  hydrogen  being'  highly 
compreased  neat  a  amall  fiiult.  'VVhon  the  vvorlunei)  npproaclicd  this  volume 
of  compressed  gas,  they  iiecefifMiriiy  wenkcned  tlio  rosiBtaiice  of  the  coal  in 
the  dtrectinu  nf  tliL-  working'.  Finally,  the  rcsint.nncc  In'iiifr  nneqtial  to  tlio 
pressure  of  the  pas,  ibe  coal  wns  driven  out  into  llie  pallerie."»,  the  carbxirottcd 
hydrogen  niixeii  with  tlii-  common  air,  and  exploded  nt  the  contact  mth  flame, 
killing  many  nf  the  miners. 


The  nccumulatioij  of  vegetable  matter  at  a  remote  epoch  in 
the  history  of  the  world,  for  the  consumption  of  creatures  which 
should  afterwards  exist  on  it&  sinfnce,  must  strike  the  least  in- 
quiring; but  when  the  upturned,  twisted,  and  shattered  strata, 
so  common  in  the  districts  composed  of  the  coal-measiire5,  are 
before  lis,  desigsi  is  not  so  apparent,  more  particularly  when 
the  miner  complains  of  the  dislocations  (faults)  which  interrupt 
his  progress*.  We  might  therefore  regard  this  apparent  con- 
fusion as  a  bur  to  the  ingenuity  and  induslry  of  man  in  extract- 
ing the  combustible  so  valuable  to  him.  Wlien,  however^  we 
look  more  closely  into  this  subject,  we  find  that  the  shattered 
and  contorteil  condition  of  the  rocks,  though  it  may  embarrass 
mining  operations  for  a  linie,  is  in  reality  highly  atlvantageous. 
The  fractures,  termed  faults,  fiequentiy  so  cross  each  other, 
that  the  surface,  if  it  could  be  examined  without  its  covering 
of  vegetation  and  detritus,  woidd  present  much  the  same  a}>- 
pearance  on  the  great  scale,  as  the  frozen  surface  of  a  lake 
broken  to  pieces  and  reunited  by  subsecjuent  frost.  Masses  of 
fractured  strata  are  thus  often  hounded  by  faults  which  pre- 
vent the  passage  of  subterraneous  waters  from  one  mass  into 
the  other;  antl  tlie  miners,  in  collieries  situated  in  one  parti- 
cular mass,  have  only  lo  contend  with  the  waters  in  it;  whereas 
if  the  strata  were  aUvays  horizontal,  unbroken,  nnd  continuous, 
tlie  abundance  of  water  that  would  How  into  the  workings  would 
render  them  so  difficult  and  expensive,  lliat  the  extraction  of 
ihe  coal  must  be  abandoned. 

It  should  be  observed,  that  thougli  the  two  sides  of  a  fault 
often  come  into  close  contact,  there  is  very  fretjuently  an  in- 
terposed clayey  substance  impervmus  lo  water;  and  it  rarely 
happens  that  water  on  the  one  side  passes  to  water  on  the 
other,  so  as  to  form  a  continuous  and  abundant  percolation  in 
one  direction.  On  the  contrary,  the  water  is  commonly  thrown 
out  along  the  line  of  the  fissure,  particularly  on  mountain  sides, 
in  the  shape  of  springs, — often  good  guides  to  the  geologist, 
not  only  in  tracing  limits  among  the  coal-measures,  but  in  other 
rocks.  The  appearance  of  s|n-ings  along  lines  of  iault  is  what 
we  should  expect;  (or  not  only  do  they  act  as  main  drains  lo 
the  strata  which  they  traverse,  but  as  Artesian  wells,,  producing 
the  same  efl'ects  as  these  artificial  jierforations.  For  supposing 
faults  to  be  abuntjant,  in  countries  where  Artesian  wells  are 
now  so  valuable,  such  countries  would  possess  an  abundant 
supply  of  water,  upon  the  siime  principle  that  these  wells  now 
act.    Knowing,  therefore,  that  faults  are  abundant  on  die  sur- 

•  For  aecliona  of  faults  in  crtai-incasiires,  see  Sections  and  Views  ilhislra- 
ti»e  of  Geological  Pheiuinirnn.  pi.  h.  d.  7.;  Geo).  Trans.  2iiil  Herics.  vol.  i. 
pL  32.;  Transaclionfi  of  the  Nat.  Hist.  Sou.  of  Newcastle,  vol.  i. ;  La  Ri- 
eUeaie  MineraJe,  by  M.  lloron  de  V'ilkfossc,  &c. 
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face  of  our  planet,  we  may  infer  that  no  inconsiderable  portion 
of  water  is  conveyed  by  them  to  that  surface. 

It  will  be  obvious  that  in  a  district  where  the  coal-measures 
are  greatly  contorted,  the  relative  position  of  strata  alone  would 
prevent  the  abundant  percolation  of  water  from  one  situation 
to  another. 

The  following  section  (Fig.  97),  at  Jarrow  collier^',  near 
Newcastle,  will  afford  an  idea  of  the  manner  in  which  tliecoal* 
measures  are  sometimes  fractured  *. 

Fig.  97. 


k7^. 


'h> 


The  mode  in  whicli  they  sometimes  are  contorted  without 
fracture,  ts  shown  in  Fi^.  98.,  a  section  of  the  codl-measures 
at  Little  Haven,  St.  Bride's  Bay,  Pembrokeshire. 

Fig.  98. 
Littlv  Haveo. 


The  organic  remains  discovered  in  the  coal-measures 
principully  terrestrial  plants  ;  with  those  are  a  few  fresh-wat 
shells,  and  certain  marine  exuviop,  which  for  the  most  part 
would  rather  appear  lo  occur  in  beds  alternating  with  the  coal- 
beds  and  their  accompanying  sliates   antl   sandstones,  than 
mingled  with  the  terresLrisu  remains. — The  following  is  a  sum-     ! 
mary  of  the  fossils  stated  to  have  been  Ibund  in  the  coftl-mea-     | 

Planttc. — Stigmaria,  9  species.    Pinites,  3.    Pence,  1.    Spfl^ 
nophyllum,   10.    Annularia,  7.    Asterophy  Kites,  12.    Becbe- 
ra,   I.    Flabeltaria?  1.    Noeggerathia,  2.   Cannophyllites, 

•  A  8ina1]  portion  uf  Mr.  Buddl»'«   beautirul  sections  of  llic  Newci 
coal-field,  Trans.  Nat.  Hist.  Soc.  Newoastk,  vol.  i.  pi.  21.  22.  2a. 
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Carbonijeroui  Limeilotie. 

Sternbergin,  4.  Ponciles,  1.  Trigoiiocarpiim,  4.  Miisocnr- 
pum,  3.     Ecjuisetum,  2.     Calamites.,   Ui.    JSphcnopteris,  J2. 

»Cyclopteris,  9.  Neiiropteris,  17.  Odontopteris,  6,  Peco- 
pteris,  62.  Loncbopleris,  1.  Schizopterisj  L  Caulopteris,  I. 
Lycopovlites,  8.  Selaginites,  2.  Lepitlotlemlron,  43.  IJlo- 
(icndroii,  1.  Lepiilophyllum,  2.  Lcpidostrobiis,  2.  Car- 
tliocarpon,  5.  Sigillaria,  37.  Volkmaiinia,  4.  Cyperites,  1. 
Pol ypo riles,   I. 

Cunchifera. — Pecten,  2.   My  til  us,  1.    Lutricola,  3.    Uiiio,  3. 
Nucula,  2.     Mya?  3. 

Mollusca. — ^'rurritella,  2.   Belleroplion,2.  Orthoceratites,  5. 
Ammonites,  5, 
^m       J'isces. —  Piilajotlvrissiim,  2.     Acaiithassus,   1. 
B      Thus  making:  Plantcc,  35  genera,  310  species.     Conchi- 
fcray  6  genera,   14  species.     Mollusca,  4  genera,   14  species. 
Pisces,  2  genera,  3  species. — Total,  47  genera,  341  species. 

I, .,.,..-.. »....,. 

H  France,  and  Belgium,  seems  tu  possess  a  somewhat  general 
"  character,  being  a  compact  limestone,  fretjueiitly  Iraverseil  by 
veins  ot" calcareous  spar,  ami  £it  times  being  iji  n  great  measure 
composed  of  oi'gnnic  remains,  while  at  tiihers  not  a  trace  of 
these  remains  can  be  observed.     J'he  colours  are  mostly  gray, 
vnrying  in  intensity  of  shade;  other  tints  are  however  observed 
in  it,  and  in  some  situations  it  affords  gooil  marble.     It  is  oc- 
cnsionally  of  an  oolitic  structure,  as  near  Bristol;   and  some- 
times contains  parts  otencrinital  colinnns  in  such  abundance, 
that  the  rock  is  in  great  measure  made  np  of  them,  whence 
the  name  Eticiiual  Limfsloiie.     It  hiis  also  been  known  by  the 
Ji.ame  o\'  Meiallijhou^  LimestatiCy  in  cousetjutiice  of  the  quau- 
lity  of  lead-ore  obtained  from  it,  more  pnrlitularly  in  the  cen- 
tral and  northern  parts  of  England.     Tliongli  these  charac- 
ters may  suffice  lor  a  considerable  portion  of  the  carboniferous 
^Kjiniestonc,  it  will  be  seen   by  tlie  itetjuel,  that  even  within  the 
^rilistnnce  of  two  or  three  hundred  miles,  the  series  of  limestone 
be<ls  known  by  this  name  becomes  mixed  with  shale,  sand- 
^—-Sione,  and  even  with  couh 

^b      The  following  is  a  snmmary  of  the  organic  remains  enume- 

^^  rated  as  having  been  discovered  in  the  carboniferous  limestone, 

the  plants  only  being  omittetl ;  as  when  such  exuviae  occur, 

lliey  are  generally  found  to  correspond  with  the  plants  of  the 

coal- measures. 

Zooplit/ta. — Gorgonia,  4  sjiccies.    Cellepora,  1.   Ketepora,  1. 
Cnryojjhyllia,  3.  Cyatliophyllum,  4.    Astrea,  1.  Tubipora,  1. 


S8« 


Old  Red  Sambtc 


Syriiigopora,  S.    Calamopom,  2.    Autopora,  1.    FrtosIcs,  5. 

Lillio^trotiou,  3-  • 

liadiaria. — Peiitremites,  3.  PoCeriocrJniies,  2.  Platjcri- 
niles,?.  Actinocrinites,  5.  Melocrinite^  1.  Hbodocrinitcs»  1. 
Cyathocriniteis  2. 

^4turtduta. — Serpula,  2. 

Conchifera. — Spiriftrr,  or  Dekhvris,  29.  Terebrstnb,  21. 
Atripo,  I.  Producta,  or  Leptona,  29.  Craaia,  1.  Inoce* 
ramus,  1.  Pecten,  2.  Megalodon,  1.  Nucula,  1.  Amg  I. 
Isocanlio,  1.  Cardium,  4.  Liicina,  2.  Sanguiiiolana,  I. 
Solen,  2. 

Mollusca. — Pileopsis,  1.  Melania,  1.  AmpuIIarw,  2.  K<- 
rita,  3.  Delph'mula,  1.  Euomphalus,  12.  Troclius,  7.  Tur- 
bo, 6.  Rotella,  3.  Helix?  1.  Turriielb,  10.  Buccinum,  I. 
Piwisiaiiella,  3.  Beileroplion,  13.  Conularia,  2.  OrllHxera- 
tite^i,  13.     Nmitilus,  9.     Amnionitei>,  2. 

Crustacea. — Asnplius,  1.    Oiher  Trilobiles  not  determined. 

Pisces. —  Icluhyodoriilites  and  fish  palates. 

Thus  making:  Zoophijla,  1 2  genera,  27  species.    Radiarint 
7  genera,  21  s|>ecies.    Anntdatay  \  genus,  2  spedes.    C 
feta,  15  genera,  97  species.     Mollusca^  18  genera,  89  -j 
Crustacea^   1  genus,    I   species.     Pisces^    1  genus,   1  s|Hrci 
— Total,  55  genera,  238  species. 

Old  Red  Sandstone. 

This  rock  is  of  very  variable  thickness,  sometimes  consist- 
ing of  a  few  conglomerate  beds,  while  at  others  it  swells  out 
to  the  depth  of  Hcverol  thousand  feel.  As  might  be  exjiected, 
this  vatiiuuii)  in  thickness  is  accompanied  by  differences  in  nii- 
neralogictil  structure,  conglomerate.s  being  abundant  in  some 
situations,  white  in  others  they  are  exceedingly  rare.  The 
sandstone  possesses  different  degrees  of  induration,  and  is  not 
unfrecjueiitly  schistose  .ind  micaceous,  affording  flag-stoues 
and  coarse  materials  for  roofing.  The  prevalent  colour  is  red, 
generally  ihill,  which,  as  commoidy  occurs  in  the  ret!  marls 
and  sandstones  of  all  ages,  is  occasionally  intermixed  with 
different  tints  of  greenish  blue  (Pembrokeshire,  &c,).  The 
conglomeiates  of  course  vary  in  their  contents,  but  pieces  of 
miiirtz  are  very  common, — so  much  so  in  the  southern  parts  of 
England  and  Wales,  that  the  greiitcr  portion  of  such  beds 
isvvhully  composed  of  them.     The  sandstones  also  are  priu- 

"  This  catalogue  is  exceedingly  meagre ;  for,  unfortunately,  BritisTi  oatu- 
r-iUsts  have  ]>ublished  next  to  iiotliing  on  the  zoopbytic  contents  of  the  car- 
lioiiiferous  limestone,  thoiiijii  this  n)cK  i«  extensively  developed  iu  the  British 
Isles,  and  containa  a  great  uLuiulatice  of  Polypifcra. 
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cipaily  siliceous,  so  ihnt  if  the  mass  be  considered  as  wholly 
nf  mecliaiiic:il  origin,  it  must  have  resulted  Iron)  a  considera- 
ble destruction  of  pre-existing  siliceous  rocks. 

Few  organic  remains  have  been  discovered  in  (liis  rock,  and 
those  that  have  been  observed  would  appear,  for  the  most  jiart, 
to  be  the  same  as  in  the  grauwacke  beneath,  or  the  carbonife- 
rous limestone  above.  According  to  Dr.  Fleming,  Orthoccra~ 
tites  cordifotTtu's,  0.  giga7iteus,  Nauiilm  btlobutus-,  and  N.pen- 
iagvnus,  are  found  in  a  limestone  associated  with  the  old  ted 
sandstone  of  Dumfriesshire* ;  ant!  M,  Dumoiit  notices  Prodiuta 
cmicinna  in  the  old  red  sandstone  of  the  Liege  district. 

The  student  being  now  acquainted  with  the  general  whiIiv 
gical  and  botanical  characters,  and  with  the  more  niarkeil  nii- 
neralogicnl  composition  of  the  tliree  rocks  comprised  within 
tliis  group,  we  will  proceed  to  a  more  general  notice  of  the 
same  rocks  taken  in  the  niasiv. 

It  has  beeJi  above  renrarked,  that  the  rothtiegendos  is  con- 
sidered, in  certain  parts  of  Europe,  to  pass  into  the  coal-mea- 
sures, so  that  the  two  rocks  constitute  the  upper  and  lower 
portion  of  the  same  mass.  Some  geologists  have  gone  further, 
and  considered  the  coal-measures  as  suliordinate  to  the  roih- 
iiegendes,  tlie  carbonili-rous  poriioii  bearing  the  same  Jc- 
Inlion  lo  the  general  mass,  which  certain  lignites,  such  i'or 
instance  as  those  noticed  by  M.  Elie  de  Beaumont  in  Dnu- 
phine  and  Provence,  bear  to  the  Irajisported  matter  in  wltich 
they  are  found  included. 

It  would  appear  from  the  observations  of  Von  VeUlieim  on 
the  ilistrict  of  Wettin  and  Loebcjun,  and  on  the  eastern  Hartz, 
tltat  the  coal -measures  are  there  suhordiniile  to  the  rothiie- 
gt:n(les,  and  that  the  wEiole  mass  may  be  divided  into  tliree 
portions: — 1-  The  lowest,  composeil  of  red  sandstone,  with 
slaty  clays,  schistose  sandstone,  iiiul  cutiglomerate,  500  feet 
thick  (considered  e(]uiva!ent  to  ihe    English  old   red  sand- 
stone).    2.    The  miildte,  cnrboniferons  rocks  and  limestone, 
S50  feet  thick  (supposed  ecjuivalent  to  the  carbonilcrous  lime- 
stone, coal-nieasnres,  and  niillbtone  grit  uf  the  English  series). 
5J.  The  U[)per,  formed  of  red  sandstone,  with  slate-clays,  con- 
glomerates, and  porphyry  breccia,  2600  feet  thick  (reftrred 
rthe  red  sandstone  grouji). 
M.  von  Dechen  observes  that  it  is  particularly  difficult  to 
sitford  a  better  explanation  of  these  tacts,  as  the  coal  depo- 
asit  of  Wettin  and  Loebejun,  wedged  in  between  tw  o  kinds  of 
■porphyry,  is  disturbeil  and  irregular.     The  same  author  re- 
wiarks,  however,   the  important  fact,  that  there  can  be  no 
^oubt  of  the  coal  deposit  being  covered  by  the  upper  beds  of 
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the  real  rothliegendes,  and  resting  on  red  snndstone.  The 
identity  of  tlie  latter  sniulstane  with  the  lower  strata  of  the 
rothliegendes  on  the  borders  of  the  Hurtz  seems  not  so  en- 
dent,  lliough  it  would  appear  probable  from  the  careful  re- 
searches of  M.  von  Veltheini  *.  It  is  certainly  exceedingly  de- 
sirable that  the  identity  of  these  latter  rocks  should  be  more 
clearly  proved;  for  as  the  sandstones  of  the  coal-measures  are 
often  red,  it  might  be  considered  that  the  lowest  rocks  at 
Wettin  and  Loebejun  were  merely  such  red  sandstones,  and 
that  the  coal-measures  were  covered  by  the  upper  membei^ 
of  tlie  rothliegendes,  because  the  lower  beds  were  wanting. 

A  good  example  of  coal  subordinate  to  the  red  sandstone  is 
observed  in  the  coal  series  of  Waldenburg  and  Neurode,  in 
Lower  Silesia,  especially  in  that  part  of  the  deposit  whicli  ex* 
tends  into  Bohemia,  between  Scliatzlar  and  Nacliod.  In  the 
neighbourhood  of  Altwasser,  reil  sandstone  and  conglomerate 
rest  in  a  narrow  band  uf)on  grauwacke,  and,  in  an  adit,  a  bet! 
of  coal,  wiih  slate-cluy»  is  seen  apparently  in  a  continuation  nf 
tlie  red  conglomerates.  Norih  I'rom  Schatzlar,  above  Liebau, 
to  the  environs  of  Waldenburg,  the  coal-measures  rest  iniiue- 
diately  upon  grauwacke,  without  any  intermediate  beds.  Be- 
neath the  Bohemian  coul,  at  Ruhnow  on  the  Metau,  there  is 
a  thick  mass  of  fine-grained  red  sandstone.  Its  beds  form  ft 
saddle  from  Nachod  to  Sdiatzlar,  and  on  the  souih-west  side 
of  it,  towards  the  basiti  of  Bohetnia,  no  coal-mine  is  known, 
there  being  merely  a  continuous  uninterrupted  mass  of  red 
sandstone.  A  bed  of  bitun)inous  shale,  with  the  remains  of 
fish,  indistinct  im]>fessions  of  plants,  and  disseminated  copper- 
ore,  occurs  beneath  the  coal  near  EijH'I,  not  far  from  Saug- 
witz ;  above  this  occuin  liiitestonc,  about  20  feel  thick,  and 
beneath  the  wliole,  white  sandstone.  North-west  of  Ilohnow, 
red  sandstone  appears  between  the  coal  strata,  and  soon  at- 
tains such  thickness,  that  with  a  dip  of  about  20'^',  it  occupies 
a  breadth  of  2j  miles  on  the  surface.  It  in  this  manner  di- 
vides the  coal  measures,  for  a  length  of  17^  miles,  into  two 
clearly  defined  parallel  lines.  This  sandstone,  though  it  per- 
fectly resembles  tliat  beneath,  must  necessarily  be  considered 
as  an  integj'nl  portion  of  the  coal-measures. 

Tiie  two  lines  of  coal  above  noticed  do  not  unite  (as  far  as 
is  yet  known)  with  the  coal-field  of  Schatzlar,  but  cease  in  die 
middle  of  the  red  sandstone  district  at  Goldenclse  and  Teich- 
wasscr ;  and  the  upper  line  is  also  covered  by  red  santlstone,  and 
tlial  unilorniiy  for  the  distance  above  mentionftl.  'Ihe  same  red 
sandstone  covers  the  coal  tleposit  on  the  Stlcsian  side.  At  Lang- 
waltersdorf,  tlie  red  and  gray  coal  sandstones  alternate  with  cacli 


•  \ou  Occhcn,  Gcrmna  Traml.  of  Manital. 


Carboniferous  Group, 


S86 


)ther,  but  in  general  the  limits  of  both  are  well  defined. 
Conglomerates  are  rare  in  the  upper  sandstone,  which  is  usu- 
ally fine-gi"ained  j  pebbles  of  quartz  an(J  flinty  slate  are  found 
only  in  its  lower  portion.  Red  slate  clays  are  iiotfrequenL 
Single,  but  long-continued,  beiis  of  limestone  and  dolomite  are 
found  in  it  (Griisow,  and  Conradswalde);  they  are  usually  red- 
dish gray,  seldom  dark  gray  (Ottendorfi  and  Scheidwinkel). 
It  contains  beautiful  impressions  of  Neuropteris  conferta.  Im- 
pressions of  fish  are  found  in  it  at  Ruppersdorf,  which,  like 
those  of  Saugwitz,  are  not  yet  determined.  As  the  red  sand- 
stone is  covered  by  quadersandstein  (green  sand),  many  of  its 
relations  are  uncertain,  but  very  probably  it  is  parallel  with 
the  rothliegendes  of  Mansfeld.  If  at  Waldenburg  a  separa- 
tion of  the  upper  red  sandstone  from  the  coal  deposit  is  pos- 
sible, because  an  unconformable  stratification  sometimes  takes 
place,  the  latter  cannot  be  separated  from  the  lower  red  sand- 
stone, as  the  beds  of  this  sandstone  are  quite  conformable  with 
those  of  tlie  coal  strata  *. 

By  consulting  Mr.  Weaver's  observations  respecting  the 
views  of  the  German  geologists  previous  to  those  of  MM.  von 
Veltheim  and  Hoffmann,  it  will  be  seen  he  was  led  to  the  con- 
clusion, that  the  old  red  sandstone  of  the  English  geologists 
might  be  equivalent  to  the  lowest  part  of  the  German  rothlie- 
gendes f. 

Perhaps  by  following  up  the  views  of  Mr.  Weaver,  and  con- 
sidering that  the  coal  is  not  necessarily  constant  to  a  particular 
part  of  the  series,  and  tliat  the  mutual  relations  of  different 
portions  of  the  whole  majjs  vary  materially,  we  may  approach 
towards  a  solution   of  this  apparent  difficulty.     In  the  first 

Elace,  we  obtain  no  help  from  organic  remains ;  for  it  wUt 
are  been  observed  that  the  general  zoological  character  of 
the  marine  exuviae  is  the  same  in  the  zcchstein  (above  the  roth- 
liegendes), in  the  carboniferous  limestone,  and,  as  will  be  seen 
in  the  sequel,  in  the  grauwacke  series.  Tlie  general  character 
of  the  vegetable  remains  was  probably  also  similar,  as  we 
know  it  was  in  the  descending  order.  Assuming,  therefore, 
(and  it  does  not  appear  unphilosophical  to  do  so,}  that  organic 
remains  will  not  aid  us  in  the  investigation,  we  can  only  ap- 
peal to  mineralogical  structure  and  relative  geological  posi- 
tion. Our  first  inquiry  therefore  should  be.  Are  these  con- 
stanUy  the  same,  allowances  being  only  made  for  smaller 


•  Von  Dechen,  German  Trans),  of  Manual. 

t  It  should  be  Btated,  while  on  this  Bubiect,  that,  according  tu  M.  He- 
nHilt,the  coal-measures  of  Littrj',  Normeneiy,  which  rest  uacoufomiatily  on 
gnuwacke,  pass  into  the  red  sandstone  series  above  them. — Tableau  det 
ttrra\n$  de  Catvadot:  Cnen,  1832. 
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variations  ?    We  can  only  reply  to  tliis  questiuit  by  a  statement 
of  facts. 

In  the  southern  part  of  our  island  the  three  divisions  of  old 
red  sandstone,  carboniferous  limestone,  and  coal-measures,  are 
well  niarked,  and  there  is  clearly  no  passage  of  the  latter  into 
tlje  red  sandstone  (commonly  termed  new  red  sandstone)  above 
it;  on  the  contrary,  the  coal-ineasures  and  the  inferior  rocks 
have  been  upset  prior  to  the  deposition  of  the  magnesinn  con- 
glomerates and  limestones  with  their  associated  red  sandstones 
and  conglomerates ;  and  it  seems  more  than  probable  tiiat  the 
lower  portions  of  the  latter  series  of  rocks  resulted  from  the 
disturbance  produced  by  the  fracture,  contortion,  and  elevation 
of  the  coal-measures  and  older  rocks.  With  respect  also  to 
the  carboniferous  group  itself,  the  masses  of  tlie  old  red  sand* 
stone,  carboniferous  limestone,  and  coal-measures,  are  well 
separated  from  each  otJier,  though  there  may  be  small  alter- 
nations at  their  contact,  as  the  student  can  observe  at  Cliiton 
gorge  near  Bristol,  and  other  places  in  that  district*. 

As  we  advance  northwards  into  the  central  part  of  Knglaod, 
we  find  that  tJie  lower  part  of  the  coal-measure:  and  the  upper 
part  of  the  carboniferous  limestone,  which  in  the  soutli  only 
alternated  at  their  contact  in  a  comparatively  moderate  degrti-. 
have  now  assumed  a  new  character  as  they  approacli  each 
other,  presenting  a  mass  of  shales,  sandi>tones  (most  frequetilly 
coarse),  and  limestones,  with  occasional  seams  of  coul,  the 
whole  being  of  very  considerable  thickness,  and  known  t" 
Millstone  Grit. 

Prol^  Sedgwick  lias  shown,  that  still  further  north  inEnclund 
the  great  lines  of  distinction  between  the  carboniferous  liwe- 
stone  and  the  coal-measures  ore  broken  up,  antl  that  the  one 
rock  is  lost  in  the  other.  As  the  student  can  have  no  belter 
or  more  condeu'^ed  view  of  the  subject  than  in  Prof.  Sedgwick's 
own  words,  1  shall  ofler  no  apology  for  inserting  them  l»ere. 

"  On  ilie  re-appearance  of  the  carboniferous  limestone  »l 
the  base  of  the  Yorkshire  chain,  we  still  find  the  same  general 
analogies  of  structure :  enormous  masses  of  limestone  form 
the  lowest  part,  and  the  rich  coal-fields  the  highest  part  of  the 
whole  series;  and  we  also  find  the  millstone -grit  occupying  an 
intermediate  position.  The  millstone-grit,  however,  becomes 
a  very  complex  deposit,  with  several  subordinate  beds  of  coal; 
and  is  separated  from  tlie  great  inferior  calcareous  group 

•  For  the  necessary  details  respecting:  tlie  coal-measuroi  and  tl»e  i 
feroui  tetica  generally,  consult  the  labours  of  Mr.  CoiiyLeare  in  his  < 
of  the  Geology  of  Englatid  and  Wales ;  and  for  tbtit  of  the  soiitliem  y.-\r. 
our  island  in  particular,  the  Observations  on  the  South-western  Coal  Di«- 
trict  of  England,  by  Dr.  Buckluiid  and  Mr.  Coiiybcarc,  tieol.  Trftiui^  fttd 
Keries,  vol.  i. 
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(known  in  tlie  north  of  England  Uy  tbe  name  of  scar  limestone\ 
iK)t  mert'ly  by  the  prreat  slinle  and  sliale-limestone,  as  in  Derby- 
shire, but  by  a  still  more  complex  deposit,  in  some  places  not 
less  than  1000  feet  thick,  in  which  five  f»roiips  of  limestone 
strata,  extraordiuiiry  for  their  perfect  continuity  and  unvarying 
thickness,  uUernat*;  with  frieat  masses  of  sandstone  and  shale, 
containing  innumerable  impressions  of  coal  pjJants,  and  three 
or  four  thin  seams  of  good  coal  extensively  worked  for  domes- 
tic use. 

♦*  In  the  range  of  the  carboniferous  chain  from  Stainmoor, 
through  the  ridge  of  Cross  Fell  to  the  confines  of  Northumber- 
land, we  have  a  repetition  of  the  same  general  pha-nomena. 
.On  its  ea.stern  Hanks,  un<l  superior  to  all  its  component  groups, 
is  the  rich  coal-field  of  Dtuham.  Under  the  coul-field  we 
hflve,  in  regular  descending  order,  the  raillslone-grit,  the  alter- 
nations of  limestones  and  coal-mesvsures  nearly  identical  with 
those  of  the  Yorkshire  chain,  and  at  the  base  of  all  is  the  great 
scar  limestone.  The  scar  limestone  begins  however  to  be  sub- 
divided by  Uiick  masses  of  sandstone  and  carbonaceous  shale, 
of  which  we  had  hardly  a  trace  in  Yorkshire,  and  gradually 
passes  into  a  complux  deposit,  not  distinguishable  from  the 
next  superior  division  of  the  series.  Along  with  this  gradual 
change  is  a  greater  development  of  the  inferior  coai-beds  al- 
ternating with  the  limestone,  some  of  which,  on  the  nortli-ea.st- 
em  skirts  of  Cumberland,  are  three  or  four  teet  in  thickness, 
and  are  now  worked  for  domestic  use,  with  all  the  accompani- 
ments of  rail-roads  and  steam-engines. 

"  The  alternating  beds  of  satidstone  and  shale  expand  more 
and  njore  as  we  advance  towards  the  north,  at  the  expense  of 
all  the  calcareous  groups,  wliich  gradually  thin  off  and  cease 
to  produce  any  impress  on  the  features  of  the  country.  And 
thus   it  is  that  the  lowest  portion  of  the  whole  carboniferous 

Sstem,  from  Bewcastle  Forest  along  the  skirts  of  Cheviot 
ills  to  tlie  valley  of  l!ie  Tweed,  has  hardly  a  single  feature 
in  common  with  the  inferior  part  of  the  Yorkshire  chain  ;  but, 
on  tlie  contrary,  has  all  the  most  ordinary  external  characters 
of  a  coal-formation.  Corresponding  to  this  change  is  also  a 
gradual  thickening  of  carbonaceous  matter  in  some  of  the 
lower  groups.  Many  coal- works  have  been  opened  upon  this 
line,  and  near  the  right  bank  of  the  Tweed  {almost  on  a  paral- 
lel widi  the  great  scar  limestone)  is  a  coal-field  with  five  or  six 
Rood  seams,  some  of  which  are  worked,  not  merely  for  the  use 
of  the  neighbouring  districts,  but  also  for  the  supply  of  the 
Capital  *." 


L  capi 

^h  *  Sedgwick,  Adriress  to  the  Geological  Society,  1831 
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We  thus  observe  that  a  very  material  change  has  been  ef- 
fected in  the  carboniferous  rocks,  the  limestone  beds  having 
become  mixed  up  widi,  and  even  disappearing  among,  the  are- 
naceous and  shaly  coal-measures.  Two  rocks  of  the  series  are 
therefore  as  it  were  nmalgamateil,  and  no  line  uf  distinction 
can  be  drawn  between  them.  Not  only  have  the  separate  cha- 
racters of  coal-measures  and  carboniferous  limestone  disap- 
Cred,  but  the  remaining  rock,  the  old  red  sandstone,  no 
^r  presents  the  common  arenaceous  aspect  which  it  pos- 
sesses in  the  South  of  England  and  in  Wales.  It  is  here  a 
conglomerate,  which,  instead  of  offering  the  appiearance  of  a 
passage  into  the  grauwacke  strata  beneath,  actually  rests  on 
the  upturned  edges  of  those  strata,  and  is  frequently  abftent, 
so  that,  as  has  been  shown  by  Prof.  Sedgwick  and  Mr.  J.  Phil- 
lips, the  carboniferous  limestones  repose  directly  on  the  pre- 
vtou<>lv  disturbed  and  upset  grauwacke  rocks*. 

If  we  now  proceed  to  Scotland,  to  that  mass  of  conglomerate 
and  arenaceous  deposits  intermixed  vvith  limestone  and  coal 
described  by  Dr.  Fleming,  Prof.  Jameson,  Dr.  MacCuUoch, 
Mr.  Bald,  Dr.  Boue,  Prof.  Sedgwick,  Mr.  Murchison,  and 
other  geologists,  there  would  appear  to  be  some  difficulty  in 
establishing  distinctions  such  as  can  readily  be  made  io  the 
southern  parts  of  our  island ;  and  this  difficulty  is  increased 
by  the  presence  of  rocks,  relerrible,  at  least  in  part,  to  the 
(new)  red  sandstone  group.  Iti  the  northern  English  districts 
noticed  by  Prof.  Sedgwick,  the  red  sandstone  rocks  have 
clearly  been  deposited  on  die  carboniferous  limestone  and 
coal-measures  alter  the  two  latter  rocks  had  suffered  great 
disturbance  and  violent  dislocations;  but  it  may  be  question- 
able, at  least  in  parts  of  Scotland,  how  far  fine  lines  of  distinc- 
tion can  be  drawn  between  die  upper  part  of  the  coal-measures 
and  the  lower  portion  of  the  red  sandstone  group.  Organic 
remains  will  be  of  little  assistance,  for  reasons  before  state<i, 
neither  is  the  mineralogical  character  of  much  avail,  for  it  will 
have  been  seen  that  this  also  changes;  and  there  is  nothing;, 
that  we  are  aware  of,  which  should  prevent  the  zechstein,  it 
produced  under  general  similar  circumstances,  from  assuming 
the  character  of  the  carboniferous  limestone,  such  more  par- 
ticularly as  the  latter  appears  when  divided  and  included  in 
the  coal-measures.  The  colour  of  the  rocks  is,  if  possible,  of 
still  less  importance,  for  the  coal-measures  are  not  unfrequently 
red;  so  that  should  the  whole  get  mixed  up  together,  nioit^ 

•  See  Phillips'*  Section*  in  the  Geo).  Trani.,  2nd  sertes,  vol  iu  ;  an  ^^ 
Sedg^wick,  Proceedings  of  the  Geol.  Soc.  1831.  Wlien  the  spcliona  •»  *3 
descriptions  of  the  latter  author  shall  have  been  made  public,  f;cologisu  «r»^^ 
be  in  poueMion  of  a  highly  valunblc  and  illustrative  aerie*  of  dociuoenU  ^*''*| 
this  ■ubjcct. 
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particiiTarty  without  discordant  stratification,  it  woiitd  aj>pear 
highly  theoretical  to  distinguish  the  various  portions  by  par- 
ticular namesj  each  portion  being  considered  the  decided  equi- 
valeut  of  divisions  that  may  be  eslabhshed  elsewhere.  It  is  by 
no  means  intended  to  infer  that  during  any  considerable  de- 
posit, such  as  the  one  under  consideration,  tliere  should  not 
be  equivalents  in  age:  such  there  ntust  always  have  been;  but 
the  contemporaneous  effects  produced  by  different  causes  may 
have  varied  most  materially;  so  that  distinctions  which  mark 
particular  events  in  one  situation  arc  not  always  useful  when 
applied  generally;  for,  perhaps  without  being  aware  that  we 
are  doin^  so,  we  theoretically  consider  circumstances  to  have 
been  generally  the  same  at  a  given  time, — whereas  we  should, 
in  the  first  place,  consider  them  as  more  local,  resulting  from 
the  operation  of  more  limited  causes.  I  am  fully  aware  that 
this  view  may  be  carried  too  far,  and  that  the  minor  divisions 
of  rocks  should  be  established  as  much  as  possible;  but  we 
should  also  avoid  extremes,  and  not  pass  that  point  where  tlie 
distinctions  may  admit  of  very  great  doubt,  for  by  doing  so  we 
seem  in  a  great  measure  to  preclude  ourselves  from  tracing  the 
causes  which  have  produced  the  great  changes  in  the  minera- 
logical  and  zoological  characters  of  rocks  on  the  surface  of  the 
earth  generally. 

Dr.  Boue  considers  the  conglomerates,  snndstones,  lime- 
stones and  coal  of  the  great  arenaceous  deposit  of  Scotland, 
as  subordinate  portions  of  one  great  whole,  which  he  believcii 
equivalent  to  the  red  sandstone  [gres  rouge).  To  what  extent 
this  opinion  may  be  correct  would  not  yet  appear  to  be  well 
decided;  and  it  no  doubt  may  startle  English  geologists  to 
compare,  in  any  manner,  the  old  red  sandstone  with  a  sysitem 
of  rocks  containing  the  roihliegendes:  but  supposing  a  series 
of  conglomerate,  sandstone,  and  other  rocks  of  a  certain  com- 
mon character,  to  have  been  produced,  so  that  during  the  de- 
posit the  inferior  should  not  in  any  manner  have  been  disturbed, 
^ut  the  strata  to  have  been  laid  regularly  on  one  another,  and 
■bat  we  obtain  little  or  no  aid  from  organic  remains, — it  would 
^eem  difficult  to  regard  the  mass  in  any  other  light  than  as  re- 
sulting from  the  operation  of  nearly  similar  and  uninterrupted 
causes.  I  am  far  from  stating  that  this  actually  is  the  case  in. 
Scotland,  being  merely  desirous  to  show  that  an  union  of  the 
rothliegendes  and  zechstein  with  the  carboniferous  group  may 
not  be  impossible  elsewhere.  It  may,  however,  be  interest- 
ing to  the  student  to  learn,  while  on  this  subject,  that  the  Ciu- 
lainitcs  Mougeoiiif  first  discovered  in  the  red  sandstone  group 
of  llie  Vosges,  is,  according  to  Prof.  Lindley  and  Mr.  Hutton*, 
albo  founil  in  the  Edinburgh  coal-measures.  Undoubtedly  we 
^ley  and  llxitlon,  Fossil  Flora  of  Great  Britain. 
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cmmmC  benoe  infer  tbe  exact  matffwpofMieoqs  deposit  of  the 
vmo  rocks,  any  more  dum  die  idendiy  oTlbe  zecbstein  and  car- 
bodiferoos  UiDestone,  because  ceftain  fossils  are  stated  to  be 
conmoa  to  both ;  bat  tbe  ooanexioo,  as  &r  as  respects  organic 
icnains,  is  important. 

In  certain  districts,  socfa  as  Pembrokeshire,  tbe  old  red 
sandstone  passes  into  tbe  gramracke  series  beneath :  in  sucb 
sanations,  therefore,  tre  mar  regard  this  rock  as  resulting  from 
die  continuance  of  causes  sitnilar  to  those  which  bare  produced 
tbe  grauwacke ;  for  tbe  zoological  character  of  tbe  two  deposits 
is  the  same,  as  is  also  their  mineralogical  structure ;  the  dif^ 
ference  between  them  is  in  the  colour, — a  circumstance  of  no 
importance,  for  red  rocks  are  often  present  in  tbe  body  of  the 
grauwacke  group  itself 

In  the  north  of  England,  the  old  red  sandstone,  as  has  beoi 
above  noticed,  rests  on  upturned  grauwacke :  causes  therefore 
have  acted  violently  in  one  situation  at  a  given  period,  which 
have  scarcely,  if  at  all,  produced  marked  effects  in  another  tt 
no  very  considerable  distance;  leading  us  to  infer  that  at  still 
greater  distances  the  differences  observable  in  deposits  of  this 
period  may  be  more  remarkable- 

For  the  following  sketch  of  the  range  of  the  old  red  sand- 
stone through  Great  Britain,  I  am  indebted  to  my  friend  Pto> 
fessor  Sedgwick.  It  will  no  doubt  be  perused  with  much  in- 
terest, presenting  as  it  does  this  distinguished  author's  views 
on  a  part  of  a  system  oi  rocks,  which,  as  is  well  known,  ha»e 
for  many  years  more  particularly  engaged  his  attention. — He 
observes  that  the  old  red  sandstone  not  only  insensibly  passes 
into  grauwacke  beneath  it  in  the  south-western  parts  of  En- 
gland, but  that  it  may  also  be  said  to  graduate  into  the  carix^ 
niferous  limestone  above  it  in  the  same  districts  by  the  inter- 
vention of  alternating  beds  of  sandstone.  He  also  observes, 
as  a  general  fact,  that  the  coal-measures,  the  carboniferous 
limestone,  and  tbe  old  red  sandstone,  are  obviously  afiected  by 
a  common  system  of  flexures,  produced  by  disturbing  force*, 
posterior  to  them  all.  The  truth  of  this  observation  is  erideni 
from  the  various  sections  of  Professor  Buckland,  Mr.  Coiw^^ 
beare,  and  Mr.  Weaver*.  ^H 

Professor  Sedgwick  points  out,  as  the  next  remarkable  fact 
connected  with  the  history  of  these  deposits,  the  entire,  or 
nearly  entire,  absence  of  the  old  red  sandstone  along  the  whole 
base  of  the  carboniferous  limestones,  which,  commencing  at 
Llanvmynech,  ranges  along  the  eastern  skjrts  of  Denbighshire 
and  I-'lintshire,  and,  doubling  to  the  N.W.,  runs  to  the  Great 
Orms  Head;  thence  taking  its  course  to  the  Mcnai  SiraitS} 

*  Geol.  TT\as.,  2nd  scries. 
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and  forming  a  small  part  of  the  interior  of  Aii^lcsoa.  He  con- 
siders that,  ill  this  long  range  (partly  examiiietl  by  Mr.  Muv- 
chison  and  partly  by  himselt),  iFiere  is  not  perhaps  a  sitipjle  trace 
of  old  red  sandstone,  unless  we  designate  by  that  name  some 
beds  of  reddish  shale  and  sandstone,  which  here  and  there 
form  the  base  of  the  carboniferous  group,  and  are,  he  thinks, 
only  varieties  of  the  lowest  limestone  shale.  This  conclusion 
is  confirmed  by  the  observations  of  Professor  Hetislow,  pub- 
lished about  teJi  years  since*.  Professor  Sedgwick  believes 
that  some  part  of  the  Isle  of  Anglesea,  coloured  by  the  latter 
as  old  red  sandstone,  is  in  fact  a  red  sandstone  of  the  graii- 
wacke  group.  Prof.  Henslow  himself  states  the  impossibility 
of  separating  the  old  red  sandstone  in  all  cases  fi'om  thegrau- 
wacke;  and  it  should  be  recollecled  that  at  the  time  his  jiaper 
was  written,  extensive  deposits  of  red  sandstone  in  llie  grau- 
wacke  gruup  were  not  generally  known.  Along  llie  whoh?  line 
above  mentioned,  where  llie  old  red  sandstone  is  wanting,  the 
carboniferous  group  rests  unconformnbly  on  the  grauwacke 
group; — a  fact  which  seems  to  show  that  the  oia  rocks  of 
North  Wales  underwent  a  great  movement,  anterior  to  the 
period  of  the  old  red  sandstone;  and  that,  by  this  movement, 
the  bottom  of  the  neighbouring  seas  was  raised  out  of  those 
causes  which  produced  the  old  red  sandstones. 

In  no  part  of  Denbighshire  do  we  see  the  ba<:e  of  the  car- 
boniferous group;  but  on  the  confines  of  Yorkshire,  Lanca- 
shire, anti  Westmoreland,  we  find,  in  several  places,  the  great 
escarpments  of  the  carboniferous  hmestone  resting  unconfor- 
mably  on  the  edges  of  the  grnuwacke,  or  separated  from  it  by 
masses  (sometimes  of  great  thickness)  ol"  coarse  red  conglome- 
rate. The  same  statement  applies  to  the  carboni fibrous  zone 
wrapped  round  the  Cumbrian  mountains,  and  also  to  the  chain 
of  Cross  Fell.  The  old  red  conglomerates  sometimes,  though 
rarely,  alternate  with  green  and  red  marls,  and  with  red,  green- 
ish red,  or  white  sandstone;  and  we  occasionally  find  in  tlieni, 
not  only  pebbles  derived  from  the  older  calcareous  rocks,  but 
calcareous  concretions  like  the  iicrelbrdshire  Covustouc. 

On  the  confines  of  Scotland,  the  red  conglomerates  appear 
(though  i*rofessor  Sedgwick  considers  rarely)  at  the  base  of 
the  carboniferous  series.  He  has  seen  them  occupying  this 
position  on  the  flanks  of  the  Cheviot  Hills,  in  twu  or  three 
places  pointed  out  by  Mr.  Culley,  of  Coupland  Castle.  He 
remarks  the  importance  of  this  fact,  as  it  proves  that  the  very 
old  carboniferous  system  of  the  Tweed  (the  sandstojie  beds  of 
which  are  generally  of  a  red  colour)  is  newer  than  the  old  red 
conglomerates  lust  mentioned ;  and  therefore  probabli^  ncuoer 
than  llie  old  rt(\  conglomerates  of  Cumberland,  Westmoreland, 


*  Transactions  of  die-  Cainbridgt!  Plrilosophical  Society. 
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and  Yorkshire.  He  does  not  therefore  helieve  that  the  carbo* 
nitenms  red  sandi>tone  of  the  Tweed  is  the  repi*esentatire  of 
the  old  red  sandstone  of  Herefordshire;  but  tlmt  it  is  superior 
to  the  old  red  sandstone,  and  is  of  about  the  age  of  the  great 
scar  limestone  of  Yorkshire  and  Cross  Fell. 

The  carboniferous  red  sandstone,  appearing  here  and  there 
in  the  great  Caledonian  trough  (between  tlie  chains  of  the 
Grampians  and  the  {jrauwacke  chain  which  stretches  from  St. 
Abbs  Head  to  the  Mull  of  GaHoway),  is  probably  in  no  in- 
stance older  than  the  carboniferous  red  sandstone  of  the  Tweed. 
Professor  Sedgwick  doubts  wliellier  in  nuy  part  of  this  great 
trouffh  there  be  a  true  representative  of  tlie  (new)  red  and  va- 
riegated sandstone  of  central  England. 

In  the  Isle  of  Arran  we  have  an  old  red  sandstone  and 
congtomeratCj  a  carboniferous  series  of  considerable  tliickness 
(but  obscurely  developed),  and  an  upper  red  sandstone  and 
conglomerate.  Guided  by  analogy,  it  was  concluded  by  ProC 
Sedgwick  and  Mr.  Murchison,  iu  1827,  that  the  upper  red 
sanclstone  and  conglomerate  were  equivalents  of  the  (new)  red 
sandstone  of  England.  Knowing  by  subsequent  experience 
the  great  development  of  red  sandstone  in  the  carboniferoas 
system  of  Scotland,  Prof.  Sedgwick  now  doubts  the  truth  of 
this  conclusion,  and  thinks  that  the  upper  red  sandstone  and 
conglomerate  of  the  Isle  of  Arran  may  perhaps  be  only  an 
unusual  development  of  a  portion  of  the  carboniferous  series. 
To  settle  thiii  point  it  would  be  necessary  to  connect  tlie  Ar- 
ran sections  with  those  on  the  coast  of  Ayrbhire,  and,  by  a 
northern  traverse,  to  connect  the  Ayrshire  red  sandstone  with 
the  red  conglomerate  system  Hanking  the  Grampians.  This 
task  has  not  yet  been  attempted  by  any  one  well  acquainted 
with  the  English  types,  and  at  the  same  time  with  the  Scotch 
carboniferous  deposits. 

In  regard  to  the  vast  masses  of  red  sandstone  and  conglo- 
merate on  the  siiores  of  the  Highlands,  in  the  old  oceanic  val» 
ley  of  the  Caledonian  canal,  and  on  the  south  flank  of  the 
Grampians,  they  were  referred,  by  Prof,  Settgwick  and  Mr. 
Murchison,  for  the  most  part  to  the  old  red  sandstone  of  En- 
gland,* and  this  classification  has  been  subsequently  confirmed 
by  the  observations  of  Dr.  Fleming  and  Mr.  Lyell,  who  have 
traced  a  part  of  the  system  under  the  great  coal-field  of  Fife- 
shire,  and  thus  left  no  doubt  respecting  its  relative  situation. 

In  Caithness  this  system  is  divided  into  (a)  old  red  sand- 
stone and  conglomerate;  {b)  calcareo-bituminous  schist,  with 
numerous  impressions  offish*  {Dt/pteriy  Sfc.) ;  and  (c)  upper  red 


•  For  figures  of  tliese  fisli,  nnd  ii  <Ictailpd  account  of  the  beds  in  which 
they  occur,  see  the  paper  by  Prof.  Sedgwick  and  Mr.  Murchisoa,  GeoL 
Trant.  2iid  Kries,  vol.  iii. 
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lanc^fone.  The  first  and  second  of  these  divisions  cannot !« 
separated  from  each  other,  and  must  therefore  be  included  in 
the  old  re(i  sandstone^ — a  conclusion  amply  confirmed  by  re- 
cent observations.  The  upper  division  (c)  forms  the  highest 
part  of  an  imperfect  section,  and  it  is  perhaps  impossible  to 
determine  its  exact  place,  but  was  hjpolhelically  referred  by 
Prof.  Sedf^wick  arid  Mr.  Murchison  to  the  lowest  division  of  the 
(new)  red  sandstone  series.  Willi  his  present  views,  Professor 
Seilgwick  would  wish  this  hypothetical  adjustment  of  tlie  up- 
per groups  (c)  of  Caithness  to  be  changed,  and  to  see  them 
classed  with  llie  old  red  sandstone;  as  he  considers  ihem  iden- 
tical in  age  with  the  upper  part  of  the  series  which  descends 
from  the  southern  llighlandsj,  and  passes  under  the  carboni- 
ferous system  of  Fifeshire  •. 

The  carbon iterous  sroup  occupies  the  surface  of  a  large 

Sortion  of  Ireland,  tlie  limestones  being  exceedingly  abundant, 
f  r.  Weaver  describes  sandstones  and  conglomerates  as  fre- 
auently,  though  not  constantly,  interposed  between  the  older 
eposits  and  the  carboniferous  limestone,  and  refers  them  to 
the  old  red  sandstone.  The  Gaultees  mountains  are  mentioned 
as  wholly  composed  of  them.  They  occur  along  the  flanks  of 
the  clay-slate  districts,  and  isolated  caps  of  the  sandstone  often 
rest  on  these  older  deposits.  The  red  sandstone  emerges  from 
beneath  the  interior  of  the  great  limestone  plain  at  Moat, 
Ballymahon,  and  Slievegoldry  Hill.  The  same  author  notices 
that  the  strata  of  this  sandstone  deposit  are  most  inclined  as 
they  approach,  and  are  in  contact  with,  the  older  rocks;  but 
that  as  they  accumulate  and  recede  from  the  latter,  they  be- 
come more  and  more  horizontal. 

The  carboniferous  limestone  may  be  considered  as  the  pre- 
valent rock  in  Ireland ;  for,  as  Mr.  Weaver  observes,  all  its 
counties,  with  the  exception  ol'  Derry,  Antrim,  and  Wicklow, 
are  more  or  less  composed  of  it.  This  limestone  is  described 
as  coming  in  contact  with,  and  sweeping  round,  various  moun- 
tain chains,  "  filling  up  every  interval  and  hollow  between 
them."  It  supports  the  coal-measures,  properly  so  called ;  and 
thus  the  analogy  between  the  carboniferous  series  of  central 
and  southern  England,  and  that  of  the  corresponding  portions 
of  Ireland,  is  complete ;  the  arenaceous  and  conglomerate  de- 
posits of  the  old  red  sandstone  in  the  latter  country  being  sur- 
mounted by  a  sheet  of  limestone,  varying  in  thickness,  some- 
times attaining  a  depth  of  700  or  800  feet,  but  generally 
averaging  200  or  300  feet;  and  being  in  its  turn  covered  by 
coal-measures  f. 

•  Sedgwick,  MSS. 

t  Weaver,  On  the  Geological  Rclaliona  uf  the  East  of  Irelaud,  Uuul.  Troas. 
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«oriKd  fer  profitable  pvpoKS  (Hay  hmI  oiWr  plaoes)t. 
Tbe  iaineaalfaariBnnBs  OS  cbai  die  ooal-aKasares,  which 
caayawjd  of  die  oaaalaiixtne  of  sandstones,  shales,  and 

[kediy  ptCMSiCat  die  Mootagnede  Sr.  Gilles  no  kss  than  sixi 
beds  of  the  latter,  rarring  from  six  feet  to  a  few  inches 
dticfcWM ;  and  M.  Dumont  states  that  the  coat-oieasares 
h-i^ge  contain  e^ty-three  beds  of  ooaL     The  strata  of  the  di 
•tiict  are  greadv  disturbed,  as  is  well  seen  at  Moos,  and  arei 
trsveried  by  faults,  as  may  be  observed  at  St.  Gilies.     Coal 
trorked  &r  down  in  the  lower  beds,  and  even  amid  the  lim' 
iHonca  at  Mons,  which  circumstance,  however,  M.  de  Villi 

.neuve  attributes  to  the  contortions  of  the  strata. 
*     The  line  of  demarcation  between  the  coal-measures  and  t 
cartK>riiferous  limestone  in  the  north  of  France,  Belgium, 
the  country  extemling  l)eyond  Aix-la-Chapelle  to  Kschweil 
in  generally  well  defined  ;  the  occurrence  of  beds  of  coal  b 
Iween  the  Ijeds  of  limestone  is  rare,  and  partly  apparent, 
jng  produced  by  contortions  of  the  beds.     That  portion  of  t 
Strata  which  is  known  in  England  b}*  the  name  of  Millstone! 


vol.  v.— Alw  consult  Griiiith's  Account  of  tlic  Connauglit  and  Ltrinster  Coal* 
I)Ulnot«;  and  Sections  and  Views  illustrative  of  (arologicjJ  Phirnoineiia. 
pi.  29. 

•  Vrnnlmyle,  I'ntccedings  of  (Jeol.  Soc.,  Nov.  1832. 
De  ViU«iiinive,  Ann.  dcs  Sci.  Nat.  t.  xvL  1829. 
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Grit,  and  in  Westphalia  as  llauher  saiidstein,  is  by  no  means 
thick,  and  a  bed  ol' aluminous  shale  occurs  in  it  betwet^n  Iliiy 
and  Liege,  as  abuve  noticed.  This  aluminous  shale  also  oc- 
curs in  Westphalia,  at  Lintdorf,  and  between  Werden  and 
Velbert,  as  far  as  Schwelm.  Between  Namur  and  Huy,  beds 
of  coal  rest  imniediatety  on  carboniferous  limestone.  On  the 
soulli  of  Werden  the  niillstone-grtt  is  not  much  developed,  i 

but  becomes  more  so  to  the  north  of  Elberfeld.  Very  thick  ^^ 
beds  of  conglomerate  here  occur  in  it.  The  lower  division,  ^" 
immediately  above  the  carboniferous  limestone,  is  composed 
of  a  series  of  strata,  consisting  of  slaty  clays,  shales,  lime- 
stones, and  sandstones,  and  is,  in  essential  points,  absolutely 
identical  with  the  limestone  shale  of  England-  These  beds 
become  still  more  developed  further  east,  and  ntlain  a  thick- 
ness, in  the  neighbourhood  of  Arnsberg,  Merscede,  and 
Warstein,  which  has  not  yet  been  observed  at  any  other 
point.  No  old  red  sandstone  has  hitherto  been  observed  in 
Westphalia.  The  carboniferous  limestone  here  rests  imme- 
diately on  grauwjicke,  the  cuniitruation  of  that  of  the  slate  di- 
stricts of  the  Nethei'liitids,  the  Rhine,  and  Westphalia.  » 

In  Belgium,  especially  on  the  Meuse,  the  carboniferous^ 
limestone  occurs  extensively.  From  the  undulating  character 
of  the  stratification,  it  is  dillicult  to  determine  the  various  beds 
of  which  the  mass  is  composed.  The  intervening  rocks  have 
been  usually  termed  grauwacke  and  cJay-slate,  but  probably 
the  red  conglomerates  may  be  considered  as  equivalent  to  the 
old  red  sandstone.  Tliesc  are  founti  on  the  Meuse  at  Luslin 
and  Profondeville;  on  the  Hoyoux  at  Masleye,  south  of  Huy; 
and  on  the  Vesdre  at  Pepinster;  on  the  Vichtbach;  &c.* 

In  all  cases  where  the  coat-measures  come  into  contact  with 
grauwacke,  without  intervening  beds,  we  should  be  careful  to 
'  recollect  that  the  chances  of  an  overlap  are  as  great  with  the 
coal-measures  as  with  any  other  rock.  We  have  in  Pem- 
brokeshire an  instructive  example  of  an  overlap  of  this  kind. 
The  coal-measures  of  Pembrokeshire  are  well  known  as  form- 
ing the  western  continuation  of  the  South  Wales  coal-field.  On 
the  eastern  part  of  Pembrokeshire  they  are  still  retained  within 
bands  of  carboniferous  limestone,  which  separate  them  from 
the  old  red  sandstone  to  the  north  and  south.  On  the  west- 
ern side  of  the  same  county  circumstances  are  different;  for 
instead  of  resting  on  carboniferous  limestone,  they  repose  on 
grauwacke,  having  passed  pver  carboniferous  limestone  and 
ohl  red  sandstone  in  an  oblique  tiirectlon.  The  direct  conti- 
nuation of  the  coal-measures  of  the  eastern  part  of  llie  county 

•  Von  Declien,  German  Tranal.  of  Manual. 
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is  seen,  at  Broad  Haven  and  Little  Haven,  in  Sl  Bride's  Baj 
to  rest  on  grauwacke  on  the  north.  Trap  rocks  have  disturl 
its  quiet  relations  on  the  south,  but  it  is  seen  to  rest  against  i 
least  a  small  portion  of  carboniferous  limestone  in  that  dire 
Uon.     To  tJic  north  of  Broad  Haven,  a  patch  of  coal-mc 
sures  is  observed  to  rest  wlioll\'  on  grauwacke,  evidently 
continuation  of  the  coal  strata  on  the  south,  though  this  cot 
tinuity  is  not  evident  on  the  surface  from  the  indentation 
St  Bride's  Bay.     This  overlap  of  the  coal-measures  has  nc 
arisen  from  a  greater  development  of  coal-measures  than 
carboniferous  limestone  or  old  red  sandstone,  for  both  thea 
rocks  occur  in  great  abundance  to  the  south  in  the  same  di- 
strict, but  to  a  passage  over  these  rocks  in  a  direction  difiereutl 
from  their  general  range  *. 

To  return  to  the  carboniferous  rocks  of  the  Netherlands:—*] 
It  would  appear  that  they  are  continued  into  Germany,  to  theJ 
deposits  between  Essen,  Werden,  Bochum,  Hattingen,  W< 
ter  and  Dortmund,  which  repose  on  the  north-west  comer 
the  great  exposure  of  grauwacke  rocks  in  that  part  of  Ei 
rope  f.     To  the  north  of  diese  deposits,  on  the  northern  sid< 
of  the  great  gulf  of  cretaceous  and  supracretaceous  rocks  whicb 
enters  easterly  into  Germany,  and  on  which  stands  MiinsteiJ 
there  is,  according  to  M.  Hoffmann,  an  outcrop  of  carbonif© 
rous  strata  at  Ibbenbiihren,  between  Osnabriick  and  Rheinej 
Coal-measures  occur  at  Seefeld,  in  Saxony.  At  VVetlin,  nortii 
of  Halle,  is   another   deposit ;    and  at  Saarbriick,    and    th4 

*  For  a  dcKription  of  this  country,  with  tnsps  and  sections,  see  my  Mc 
nioir  on  Southern  Pembrokeshire,  Geol.  Trans.  2nd  scries,  vol.  ii.;  and  I 
tions  and  Views  illustrative  of  Geologirni  Phisnomena,  pi.  12. 

t  M.  voD  Dechcn  remarkB  ihat  the  cnrboiuferoua  limestone  of  north 
western  Gerrnany,  Belgium,  and  (he  north  of  France,  is  so  connected  wil 
the  grauwacke  ^roup,  that  it  has  hitherto  been  impossible  to  distinguii 
tUem.  The  limestone  of  the  Meusc  from  Namur  to  Vis^,  and  from  Rktig 
gen  to  Arnsberg  and  Warstcin,  is  decidedly  carboniferous  limestone.  The 
limestone  beds  of  the  Dillenburg  country,  on  the  Luhn,  from  Stromberg 
near  Bingcn,  may  perhaps,  without  much  objection,  be  considered  as  grau- 
wacke lin>estone.  But  the  position  of  the  limestone  from  PfaiJratli  and 
Bensberg  wi  the  right  bank  of  the  Rhine,  and  which  may  b«  traced  east- 
wards U>  Gunimersbach  and  Mittelacher,  is  wholly  doubtful,  llie  Eificl 
Jiroeatone  fromi  Schonecken  near  Priim  to  the  Erft  below  Miinstereifel,  on 
the  left  bank  of  the  Rhine,  seems  proved  by  the  observations  of  M.  Schnlze 
merely  to  fill  cavities  in  the  grauwacke,  and  on  the  larg«  scale  never  to  bft^ 
covered  by  it  This  Eifei  limeatone  may  therefore,  as  far  as  present  obte 
vations  extend,  be  referred  either  to  the  carboniferoiu  or  grauwacke  grouf 
— German  Transl.  of  Manual. 

J  For  the  localities  of  tlie  coal  in  the  north-west  of  Germany,  consult 
tlonVnann's  map  of  that  country  ;  and  for  descrijitiims,  "  Ucbersicht  der  or 
granhi-*chen  uiid  j^cognoHtistiien  Verhaltiiisse  voui  Nordwesllicbfu  Deut 
Luid,"  by  the  same  Quthor. 
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neighbouring  country,  the  coal-measures  are  nbundant,  and 
rest,  when  trappean  rocks  are  not  interposed,  upon  part  of 
the  grauwacke  mass  previously  mentioned  *. 

The  coal-measures  of  Saarbrlick  are  rendered  particularly 
interesting  by  the  development  of  the  upper  part  olthe  series, 
such  upper  part  being  apparently  a  passage  from  tlie  coal- 
measures  into  a  rock  equivalent  (o  the  rothliegendes,  reminding 
us  of  the  connexion  of  this  rock  with  the  red  sandstone  group 
previously  noticed.  The  coal-beds  of  the  upper  portion  of 
the  coal-measures,  and  which  occur  at  considerable  intervals 
from  each  other,  are  intermingled  with  beds  of  red  sandstone, 
in  many  places  not  to  be  distinguished  from  the  rothliegendes 
of  Mansfeld.  This  red  sandstone  alternates  with  ihin  beds  of 
limestone  and  dolomite,  and  with  shale.  It  contains  layers  of 
nodules  with  impressions  offish  (Lebach,  and  Biirschweiler), 
and  of  the  same  ferns  whicli  are  discovered  in  tlie  lower  coal- 
beds.  This  sandstone,  which  is  of  great  thickness,  would,  as 
M.  von  Dechen  observes,  be  certainly  considered  as  rothlie- 
gendes,  if  it  were  not  so  decidedly  connected  widi  the  coal- 
measures  beneath  it.  It  must  not,  however,  be  confounded 
with  the  Bunter  sandstein,  which  rests  unconformably  on  the 
coalf. 

M.  Pusch  describes  the  coal-measures  in  Poland  as  extend- 
ing from  Hultschin  to  Krzeszowice,  the  more  ancient  beds 
passing  into  the  grauwacke  on  which  they  rest :  but  the  same 
author  remarks,  that  in  the  rocky  valleys  of  Czerna  Szklary, 
and  near  Debnik,  not  fur  from  Krzeszowice,  a  black  marble, 
employed  in  the  arts,  supports  the  coal-measures.  M.  Pusch 
considers  this  marble  as  equivalent  to  the  carboniferous  lime- 
stone of  the  English  geologists,  and  observes  that  the  calca- 
reous conglomerates  which  accompany  the  coal,  sandstones  and 
shales  in  the  gorges  of  Mickina  and  Filipowice  are  relerrible 
to  the  same  marble  beds.  The  same  author  states  that  the 
coal-measures  contain  the  plants  so  commonly  observed  else- 
where in  similar  deposits,  and  that  he  has  identified  thirty- six 
species  with  those  noticed  in  the  works  of  MM.  Sternberg  and 
Ad.  Brongniart|^. 

M.  Kovalevski  describes  a  very  rich  carboniferous  deposit 

♦  The  student  will  find  instriictive  plans  and  sections  of  the  coal-raiaes 
At  Werden,  Essen,  Eschwciler,  VatencitMines,  l^loas,  l-'uchsgnibe  (Silesia), 
and  Saarbriick,  in  the  Atlas  to  la  Richesse  Minerale,  by  M.  Heron  <le  V'ille- 
fosse,  pi.  '2i,  2J,  26,  27,  and  28,  lie  should  alsu  consult  (be  gcolug'knl 
map  and  aectioiia  of  the  countries  bordering  the  Rhine,  by  MM.  Oeynhau- 
■cn,  la  Raclie,  and  von  Declicii,  far  tbc  coal-niraiiires  of  Saarbrlick  and  the 
adjacent  countrj'.  Parts  of  these  sections  are  inserted  in  Sections  audi  View» 
illustrative  of  (ieological  Phcciioinena,  pi.  tS.  fig.  t.  aad  2. 

t  Von  Dechen,  fierman  Transl.  of  Manual. 
Pusch,  Journal  dc  Geologic,  t.  it 
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as  existing  in  the  mountains,  which  extend  for  a  distance  i 
1 50  wersts,  on  the  right  bank  of  the  Donetz  in  Southern  Hui 
sia.  The  exact  age  of  this  deposit,  which  is  of  considerable^ 
iiDjTortonce,  is  jierhaps  somewhat  doubtful ;  but  it  would  ap- 
pear referrible  either  to  that  of  the  group  under  consideratioi 
or  to  the  upper  part  of  the  grauwacke.  The  rocks  in  whi 
the  coal  principally  occurs  are  described  as  arenaceous, 
commonly  red,  with  a  mixture  of  argillaceous  and  scbistos 
beds.  Tlie  whole  is  described  as  passing  into  the  grauwach 
on  which  it  rests.  The  coal,  occurring  in  betls  from  a 
inches  to  seven  feet  in  thickness,  is  bituminous  among 
sandstones  and  shales,  but  becomes  anthracitic  where  til 
rocks  pass  into  grauwacke,  the  latter  rock  containing  thii 
beds  of  limestone,  and  being  traversed  by  quartz  veins.  Vi 
rious  fossil  plants  are  discovered  in  this  carboniferous  deposit 
which  is  principally  worked  in  the  districts  of  Bakmout  and 
Shavianoserbskoi,  of  the  Government  of  Kkatcrineslavsk^at 
partly  in  the  country  of  the  Mious,  hi  the  military  district 
the  Don  Cossacks  *. 

The  coal  deposits  of  central  France  repose  on  granite^ 
gneiss,  mica-slate,  &c.,  without  the  intervention  of  any  lime- 
stones, sandstones,  or  slates,  uliich  can  be  distinctly  referr 
to  the  carbonilerous  limestone,  okl  reil  sanilstone,  or  grai 
wacke  :  such  are  the  coal-fields  of  St.  Etienne,  Hive  de  Gier,^ 
Brassac,   Fuis,  &c.     At  St.  CTeorges-Chatellaison  the  coal** 
measures  also  rest  on  gneiss  and  mica-slate  f . 

The  carboniferous  deposits  of  the  United  States  are,  ac 
cording  to  Prof.  Eaton,  of  diflierent  ages  ;  one  being  contains, 
in  the  argillaceous  slates  (orgillite)  of  Worcester  (Mass.)  ant 
Newport;  another  being  considered  equivalent  to  the  coal< 
measures  of  Europe ;  and  a  third  being  of  a  more  recent  epocli 
though  oltler  than  certain  lignites.  The  deposit  referretl 
the  same  epoch  as  the  carboniferous  series  of  Europe,  occt 
at  Carbondale,  Lehigh,  Lackawaxen,  Wilkesbarre,  and  olh< 
places  %. 

Mr.  Cist  describes  the  coal  of  Wilkesbarre  as  alternatini 
with  various  sandstones  and  shales,  the  latter  containing 
great  abundance  of  fossil  plants  |,  many  of  which  it  wdl  hav< 
been  seen  by  the  lists  of  organic  remains  are  identical  with  sonw 
discovered  in  the  coal-measures  of  Europe,  and  all  are  of  the 

•  Kovalovsti,  Goriioi  Jourtial,  1829;  uiid  in  HoiiC's  Memoircs  Gi>oK  et 
Pald'ontologiques,  vol.  i.  Other  cirbonifBrous  depusiu  exist  iu  the  same 
counciTi  but  appear  to  be  more  modem. 

f  Mr.  Grainmer  remarks  tliuttlie  cuol  deposit  of  Virginia  rcsU  on  gmnite. 
.— 'Americuii  Jouriiiil  of  Science,  vol.  i.  J 

J  Eaton,.  Amer.  Joum.  of  Science,  vol.  xix.  ■ 

S  ^'ist,  Amer.  Journ.  of  Science,  vol.  iv.,  where  a  tuap  of  (b«  deposit  will 
be  seen. 
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same  general  character  with  tliosc  obtained  from  the  carboni- 
ferous and  grauwacke  series.  Tlie  .sandstone  beds  vary  fioiul 
five  to  one  hundred  teet  in  depilj,  and  the  coal  is  soiiielinies 
from  thirty  to  forty  ieet  thick,  its  general  thickness  being  liom 
twelve  to  fifteen  feet.  Prof  Silliman  sUUes  that  the  beds  at 
Mauch  Chunk  (Pennsylvania) consist  of  conglomerates,  sand- 
stones, and  argillaceous  slate.  The  pebbles  in  the  conglome- 
rate are  described  as  pieces  of  quartz  rounded  by  attrition, 
and  t!ie  cementing  matter  of  the  conglomerates  and  sandstones 
as  siliceous  *.  According  to  Prof.  Eaton,  the  limestone  which 
supports  the  strata  containing  tlie  I'ennsylvanian  coal  extends 
along  the  foot  of  tlie  Catskill  Mountains,  and  is  continued 
from  the  southern  part  ot  Pennsylvania  to  Snckett's  Harbour 
on  Lake  Ontario  f . 

Mr.  Hitchcock  informs  us  that  coal  is  associated  with  trap- 
pean  rocks,  fetid,  siliceous,  and  bituminous  hmeslones,  red 
and  gray  sanilstones,  and  conglomerates,  in  ConnecticuL  It 
is  described  as  bituminous;  whereas  the  Wilkesbarre  coal  is 
frequently  termed  Anthracite  by  the  American  geologists  :f. 
It  occurs  at  Durham,  Chatham,  Berlin,  Enfield,  and  other 
places  in  Connecticut,  and  is  described  as  [mssing  into  the  so- 
called  old  ret!  sandstone  of  the  country,  which  is  coroposetl  of 
y  series  of  sandstones  and  conglome rates,  generally  of  a  dark 
retl  colour.  An  excellent  section  of  this  coal  deposit,  de- 
scribed in  great  detail  by  Mr.  Hitchcock,  is  exposed  where 
the  Connecticut  river  cuts  through  it  between  Gill  and  Mont- 
ague. 

Fossil  fish  are  obtained  from  associated  bituminous  shale  at 
Weslfield  (Connecticut)  and  Sunderland  (Massachusetts);  and 
one  species  is  considered  referrible  to  the  genus  Paltjcothris- 
iuvi  of  Blaiuviiie^,  a  genus  which  the  student  hit$  seen  no. 
ticetl  both  under  the  liead  of  zechstein,  and  of  the  coal-mea- 
sure>>. 

The  relative  antiquity  of  the  coal  deposit  of  India  is  not 
very  clearly  ascertained.  According  to  the  observations  of 
Dr.  Voysey,  Mr.  Caklerjl,  iiml  Mr.  Koyle,  it  rests  upon  gneiss 
and  other  rocks  of  that  character.  The  latter  author  slates 
that  the  coal-field  of  Dainuda,  discovered  by  Mr.  Jones  in 
1815,  is  composed  of  various  beds  of  bituminous  coal,   (of 


•  SilUmnn,  Amer.  Joum.  of  Science,  vol.  xix. 

f  Eaton,  ib.  vol.  xix. 

I  Thij  (liHtinction  would  not,  in  itself,  appear  to  he  of  any  great  im- 

fortance ;  fur  the  continuous  coaJ  deposit  of  South  Wales  is  uuthriicilic  in 
'cmbrokealiire,  oud  bitiuninoiia  in  its  eastern  prolongation  through  Mou- 
inuutli^hire. 
}  }litchcock,  American  Journal  of  Science.,  vol.  v\. 
Calder,  Trans.  Phys.  Class.  .\»ialic  Soc.  IJengal,  vol.  i.  1829. 
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good  quality,)  shales,  sandstones,  and  conglomerates ;  the  lat-i 
ter,  mixed  with  red  sandstone,  constituting  the  upper  part  of 
the  series.  The  shales  contain  the  abundant  remains  of  JVr- 
tebraria  Indira,  Royle  (commonly  termed  by  Indian  geolo- 
gists the  Ran ij ting  reed);  oi Sphenopht/Uum?  speciosum,  Royle; 
oiGlossopterisangustifoUa^  Ad.  Brong,;  of  Glossopteris  Brown- 
iana.  Ad.  Brong,;  of  Pitstidaria  Calderianoy  Iloyle;  Peco- 
pteris  Lindlej/anay  Royle;  and  of  various  other  plants*. 
Jones  observes  that  the  shales  and  coai-beds  of  Damuda  c: 
out  in  many  places,  and  that  the  strata  are  generally  un 
lating.  The  coal  is  principally  worked  at  Ranijung  collie 
where  eight  coal-beds,  varying  from  four  inches  to  nine  feet 
in  thickness,  are  associated  with  shales  and  sandstones  f. 
Mr.  Everest  observed  the  effects  of  pseudo-volcanic  action  in 
this  coal  district,  which  appear  evidently  to  have  been  caused 
by  the  combustion  of  the  coal,  the  various  shales  and  sand- 
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stones  being  more  or  less  acted  upon  by  the  heat  evolved. 
The  same  author  remarks  that  some  of  the  sandstones  of  the. 
Damuda  coal-field  contain  calcareous  matter,  and  that 
sandstones  are  raised  in  large  slabs  for  economical  pui 
on  the  banks  of  the  Adji  |. 

The  coal  of  India  is  by  no  means  confined  to  the  Damuda^ 
district.     Mr.  Jones  considers  that  the  coal  of  Sylhet  and  <^ 
Cachar'constittites  an  eastern  prolongation  of  the  same  depc 
sit;  and  Mr.  Hoyle  infers  that  it  is  continued  a  considerabli 
distance  to  the  westward,  having  been  observed  resting  on 
gneiss  and  other  rocks  of  that  class,  as  in  the  district  first 
noticed,  at  Goomeah,   Palamow,  Jubbulpoor,  and  Hosanha- 
bad  5.     Capt.  Franklin  states  that  five  bedls  of  coal  were  foundJ 
in  a  part  of  the  Palamow  coal  district,  which,  judging  front* 
the  distances  of  the  localities  mentioned  by  this  author,  seems 
somewhat  extensive  \\ , 

Coal  is  therefore  by  no  means  rare  in  India :  on  the  conJ 
trary  it  extends,  probably  at  intervals,  along  an  east  and  west 
line  of  several  hundred  miles.  There  is  indeed  no  direct  evi-1 
fdence,  such  as  that  of  a  perfect  correspondence  in  organic  re- 
mains, to  show  that  the  various  deposits  observed  are  contem- 
poraneous, but  there  is  sufficient  evidence  to  make  such  an 
inference  highly  probable.  Although  the  fossil  [ilants  disco- 
vered in'lhe  shales  are  not  specifically  the  same  witli  any  yet 
noticed  in  the  carboniferous  rocks  of  Europe  or  America,  they 

•  Roylp,  IlliistrEtiona  of  llie  Botany,  &c.  of  the  Himalayan  Mountains, 
London,  183:5, — whcru  further  detail  and  figures  of  tliusc  plants  arc  given. 
f  Jones,  Trans.  Phya.  Cluas.  Asiatic  Soc.  Bengal :  Calcutta,  1829. 
J  Everest,  Gleanings  in  Science,  vol.  iii. :  Calcutta,   lfcl31. 
f.  Royle,  Illimtraiions  of  the  Botany,  &c.  of  the  Himalayon  MonntaiiM. 
II  Frouklin,  Gleanings  in  Science,  (Catcutta,)  volii.  p.  217. 
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are  still  of  the  same  genernl  character  as  far  as  respects  the  tem- 
perature in  which  they  probably  flourished.  The  presence  of 
Glossopteris  Brovoniana  in  the  coal  district  of  Daniuda  is  re- 
markable as  it  points  to  a  connexion,  with  regard  to  date,  be- 
tween Uiat  deposit  and  the  carboniferous  series  of  E^istern  Aus- 
tralia, where  it  was  first  observed  by  Dr.  Robert  Brown. 

If  we,  for  the  moment,  abstract  the  limestone  beds,  there 
would  appear  little  doubt  that  the  carboniferous  series  is  of 
mechanical  formation,  a  deposit  from  water  varying  in  its 
Ci'ansporting  powers.  Thus,  at  one  lime  the  velocities  were 
sufHcient  to  force  forward  gravels,  while  at  others  they  only 
accomplished  the  transport  of  silt  or  mud.  If  proportional 
sections  be  made  of  coal  deposits,  it  will  be  observed  that  the 
coal-beds  occur  at  very  unequal  intervals,  showing  thai  the 
causes  which  produced  them  have  acted  irregularly.  From 
the  careful  e.vamination  of  the  Forest  of  Dean  by  Mr.  Mushet, 
we  have  a  detailed  list  of  tlie  various  beds  of  the  coal-measures, 
carboniferous  limestone  and  old  red  sandstone,  the  whole  con- 
stituting a  collective  thickness  of  about  8700  feet;  the  coal- 
measures  being  3060  feet  in  depth,  and  the  limestone  705. 
The  mass  reposes  on  the  grauwacke  (transition)  limestone  of 
Long  Hope  and  Huntley*.  The  sandstones  of  the  old 
red  sandstone  in  Gloucestershire,  Somersetshire,  and  the 
neighbouring  parts  of  England,  afford  us  no  great  evidence  of  a 
quick  deposit,  more  particularly  as  the  conglomerates  are  not 
common  ;  the  latter  are,  however,  sufficient  to  show  that  the 
velocities  of  the  transporting  waters  were  not  constant,  but 
liable  to  variation.  A  great  change  in  the  depositing  and 
transporting  powers  subsequently  took  place ;  and  instead  of 
the  siliceous  and  arenaceous  sediment,  carbonate  of  lime,  often 
enveloping  a  variety  of  marine  animal  remains,  was  produced; 
and  this  not  for  a  short  time,  but  apparently  during  a  long 
period  ;  for  the  carboniferous  limestone  of  this  district  Ivears 
marks  of  slow  formation,  many  beds  being  composed  of  a 
mass  of  fossils,  the  remaiuii  of  myriads  of  animals,  which  have 
apparently  lived  arnl  died  where  we  now  find  them  entombed. 
It  must  however  be  admitted  dial  the  origin  of  many  beds, 
which  do  not  present  a  trace  of  animal  exuvia»,  remains  ob- 
scure, and  we  have  no  direct  evidence  that  they  may  not  have 
been  produced  more  suddenly  by  deposits  from  water,  either 
holding  carbonate  of  lime  in  chemical  solution  or  in  mecliani- 
cal  suspension.  After  a  thickness  of  seven  or  eight  hundred 
feet  of  calcareous  rock  had  been  formed,  another  great  change 
in  the  matter  deposited  was  efl'ected  ;  not  however  so  suddenly 
^*^  that  the  arenaceous  sediment  which  afterwards  became  so 


Miui^t    Geol.  Train..  2nd  serie*,  toI.  i.  p.  288. 
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abundant,  and  the  calcareous  matter,  were  alternately  pro- 
duced for  a  coinparatively  limited  period.  An  immense  mass 
of  sandstone,  shales,  and  coal  was  then  accumulated  in  bed» 
one  above  another,  which,  though  irregular  with  regard  to 
the  relative  periods  of  deposit,  are  frequently  perbisteni  over 
considerable  areas. 

By  general  consent  the  coal  is  considered  as  resulting  from 
the  distribution  of  a  body  of  vegetable  remains  over  areas  of 
greater  or  less  extent,  upon  a  previously  deposited  surface  of 
sand,  argillaceous  siit,  or  mud,  but  principally  the  latter,  now 
compressed  into  shale.  After  the  distribution  of  the  vegeta- 
bles, other  sands,  silt,  or  mud,  were  accumulated  upon  them: 
and  this  kind  of  operation  was  continued  irregularly  for  a  con- 
siderabic  time,  during  which  there  was  an  abundant  growth 
of  similar  vegetables  at  no  very  distant  place,  to  be  suadeolT. 
at  least  in  part,  destroyed  and  distributed  over  considerable 
areas  on  the  more  common  detritus. 

Great  lenglh  of  time  would  be  requisite  for  this  accumula- 
tion, because  the  phajnoniena  observed  would  lead  us  to  con- 
sider the  transporting  power,  though  variable,  to  have  been 
generally  moderate :  moreover  a  very  considerable  growth  of 
vegetables  requiring  time,  would  be  necessary  at  distinct  in- 
tervals; for  coal-beds  only  now  six  or  ten  feet  thick,  niuit, 
before  pressure  was  exerted  upon  them,  have  occupied  a  mucli 
greater  depth.  It  is  a  remarkable  circumstance  connectevi 
with  the  coal-measures  of  the  South  of  England,  that  marine 
remains  have  not  been  detected  in  them,  which,  though  it 
does  not  prove  tile  deposit  of  coal  to  have  been  effected  in 
fresh  water,  does  ajjpear  to  show  that  there  was  something 
which  prevented  the  presence  of  marine  animals, — a  circum- 
stance the  more  remarkable,  as  we  have  seen  that  such  ani- 
mals swarmed  during  the  formation  of  the  carboniferous  lime- 
stone. 

These  remarks  are  not  only  applicable  to  the  small  di- 
strict above  noticed,  but  to  a  large  extent  of  country, — one 
stretching  from  Belgium,  through  the  North  of  France,  and 
the  southern  parts  of  England  and  Wales,  into  Ireland;  oiwl 
for  the  most  part  concealed  beneath  masses  of  newer  rocks. 
As  we  advance  northward,  however,  the  marked  distinctions, 
as  before  noticed,  disappear;  so  that  the  causes,  whatever 
they  were,  which  produced  such  a  separation  of  arenaceous 
and  calcareous  rocks  on  the  south,  became  modified,  and  the 
limestones  were  more  intimately  blended,  in  alternating  beds* 
with  the  sandstones  and  shales,  affording  a  greater  mixture 
of  marine  with  terrestrial  remains.  It  has  long  been  kno-*^ 
that  the  Yorkshire  coal-measures  presented  a  bed  c^"'*'"'"^ 
^ains  of  Ammonites  and  Pcclines,  and  ♦^*''  *^^  fossils  ot 
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le  carboniferous  limestone  and  coal-measures  were  detected 
the  millstone  grit;  or,  in  other  words,  that  there  was  an 
Iternation  of  terrestrial  with  marine  remains, — showing  that 
le  causes  which  effected  tliedeposit  of  calcareous  matter  and 
ivelopraent  of  marine  remains  sometimes  predominated,  while 
others  a  transport  of  mud  and  sand  entombed  an  abundance 
vegetables.  The  occurrence  of  marine  remains  amid  the 
}al-measures,  it  will  be  observed  by  reference  to  the  foregoing 
lists,  is  not  confined  to  Great  Britain,  but  is  also  remarked  in 
different  parts  of  Germany  ;  so  that  the  same  modification  of 
circumstances  which  has  produced  a  mixture,  or  rather  alter- 
ation, of  marine  and  terrestrial  remains  m  Great  Britain,  has 
Htended  into  the  continent  of  Europe. 

■  Mr.  Buddie  observes,  respecting  the  Newcastle  coal-field, 
That  the  sandstones  increase  in  number  and  thickness  as  they 
rise  or  crop  upwards,  whereas  the  ai*gillaceous  shales  become 
thicker  in  the  opposite  direction*.  This  is  precisely  the  ap- 
pearance we  stiouid  expect  from  a  deposit  h'om  water  moving 
with  moderate  velocity,  and  which  shoukl  hold  detritus  of  dif- 
^rent  degrees  of  fineness  in  mechanical  suspension.  The 
Bnds  would  be  first  deposited,  while  the  silt  and  mud  would 
TC  carried  greater  thstances.  It  would  hence  follow,  thai  the 
sands  would  be  more  abundantly  deposited  in  proportion  as  they 
ipproached  tlie  situations  whence  the  detritus-bearing  water 
^t)cccded,  and  consequently  the  resulting  beds  would  become 
thinner  as  they  receded  from  the  same  situations.  The  very 
Bverse  would  happen  with  the  mud  deposits.  So  that  sup- 
sing  the  transporting  current  of  water  to  have  been  nearly 
iform  and  not  rajiid,  we  should  have  the  effects  produced 
ited  to  be  now  observed  in  the  Newcastle  coal-field. 
There  is  another  class  of  appearances  connected  with  these 
;ks  wliich  demands  our  attention.  From  a  considerable 
lixture  of  porphyry  in  certain  situations  with  the  coal-raea- 
ires,  it  has  sometimes  been  considered  that  this  rock  was  an 
jntial  and  component  part  of  the  group  under  consideration. 
From  all  analogy  it  may  be  concluded  that  porphyries  are  of 
leous  origin;  and  for  the  same  reason  it  is  inferred  that  the 
-measures  and  their  accompanying  beds  were  produced  by 
|ueous  deposition.  We  therefore  should  be  led  a  jyriort  to 
isider,  that  two  substances  of  such  different  origin  did  not 
necessarily  constitute  parts  of  a  common  whole,  but  that  their 
admixture  was  accidentoL  And  we  may  consider  this  at  once 
proved,  by  the  abundant  occurrence  of  coal-measures  without 
)rphyry,  such  as  is  so  commonly  the  case  in  England, 
Id  the  sections  which  M.  Hoffmann  has  presented  us  of  the 

•  budJifi.  Trans.  Nftt.  Hutt.  Soc.  NewcMtle,  voL  i,  p.  238* 
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cua I- measures  of  Wettin,  and  other  places  in  Nc 
Gcrmttriy,  Jl  »»  easy  to  coiiceise,  although  porphyry 
both  above  and  beneath  the  coal  strata,  that  the  latter  are  not 
DcceMarily  of  contemporaneous  formation ;  on  the  coatmj, 
the  fractured  and  contorted  state  of  the  beds  shows  thatgnic 
violence  has  been  exercised  upon  them,  precisely  such  as  vooli 
be  expecteil  if  igneous  rocks  had  burst  in  amidst  theio,  vhca 
among  other  accidents  we  should  expect  to  find  large  maaei 
of  coal-measures  caught  up  and  included  in  the  porphyry,  ii 
we  find  masses  of  chalk  caught  up  and  enveloped  by  basalt  in 
the  North  of  Ireland.  As  we  shall  return  to  the  subject  of  the 
igneous  rocks  found  among  the  carboniferous  group  in  to* 
other  place,  the  above  notice  has  been  introduced  increly  to 
khuw  that  the  supposed  connexion  of  porphyry  and  coal  strata 
has  not  been  overlooked. 

FruD)  the  similarity  of  general  circumstances  attendant  oe 
the  coal  strata,  we  have  reason  to  conclude,  although  the  series 
may  contain  more  limestone  at  one  place  thnnat  another,  thai 
in  rnland,  Westerti  Germany,  Northern  France,  BelgioiD, 
and  the  British  Isles,  there  were  some  common  causes  in  ope- 
ration  at  the  same  epoch,  producing  the  envelopment  of  a  greit 
abundance  of  terrestrial  vegetables,  of  a  nature  that  could  oot, 
from  the  want  of  U)e  necessary  heat,  now  flourish  in  the  sanie 
latitudes. 

PriH'eeding  to  the  central  part  of  France,  we  find  several 
smaller  coal  deposits,  wliich  more  particularly  from  their  or- 
ganic character  are  referred  to  the  carboniferous  epoch  <rf 
which  wc  arc  treating.  How  far  they  may  have  been  once 
more  extensive  and  continuous,  and  how  far  they  may  have 
sutU-rvtl  (row  movements  in  the  land,  dislocations,  and  denu- 
datioiit  we  nne  nut  certain ;  but  we  are  certain  that  they  were 
directly  tlept^sitetl  on  granite,  mica-slate, gneiss, and  other  rocks 
of  ihai  charniter.  The  causes  therefore  which  produced  tlie 
calcareous  ImxIs,  sometimes  very  abundandy,  in  the  countries 
above  noticetl,  have  not  extended  to  them.  The  obseiTed 
phtenomena  are  however  sullicient  to  show  that  a  vegetation 
similar  to  that  of  tlie  more  northern  carboniferous  rocks  is  there 
entombed,  though  we  ai-e  not  quite  assured  to  what  precise 
period  their  formation  can  be  referred;  for,  as  will  be  seen  in 
the  sequel,  v^etables  of  the  same  general  character  are  de- 
tected in  the  grauwacke  series,  and  it  is  also  possible  that  they 
might  be  discovered  in  the  rothliegendes  under  the  zechstein. 
Tlie  precise  period  of  any  particular  deposit  of  similar  vege- 
tables may  thus  be  sought  through  a  considerable  lapse  of  time, 
and  it  becomes  hazardous  to  fix,  without  very  good  evidence 
on  any  relative  portion  of  that  time.  The  conglomerate^  *JSU- 
allv  referred  to  the  old  re<l  sandstone  in  North**""  iiJigland, 
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sometimes  intervening  between  the  upturned  granwacke  rocks 
and  the  carboniferuus  limestone  beds  resting  npun  them,  and 
noticed  by  Prof.  Sedgwick  and  other  geologists,  may  have 
been  followed  by  a  coal  deposit  where  circumstances  were  fa- 
vourable; juhI  the  result  would  have  been  a  formation  similar 
to  the  deposits  of  central  France,  except  that  the  subjacent 
rocks  would  be,  perhaps,  more  ancient  in  the  latter  case.  It 
may  however  have  also  happened,  that  during  the  grauwacke 
deposit,  to  be  noticed  in  the  next  section,  circumstances  fa> 
Koured  a  production  of  rocks  similar  to  those  of  St.  Etienne 
^nd  other  places ;  as  also  that  during  a  subsequent  period,  one 
equivalent  to  the  lower  part  of  the  red  sandstone  group,  a  si- 
milar deposit  might  be  eftected ;  for  as  rocks  may  be  violently 
disturbed  in  one  place  and  not  in  another,  so  may  they  also  be 
quietly  formed  in  one  situation,  while  a  few  hundred  miles  di- 
stant, disruptions  of  strata  and  the  trituration  of  organic  re- 
mains may  have  taken  place,  so  that  no  trace  of  organic  life 
may  be  left. 

While  on  the  subject  of  the  coal  series  of  France  deposited 
in  gneiss,  mica-slate,  &c.,  we  may  remark  the  very  unequal 
manner  in  which  the  St.  Etictnie  conl-ficld  has  been  deposited. 
'llie  rocks  beneath  (gneiss,  mica-slate,  and  talc-slate)  have  a 
very  irregular  surface,  in  which  the  series  of  conglomerates, 
sandstones,  shales,  and  coal  are  moulded ;  and  the  result  is 
that  the  whole  is  divisible  into  several  minor  basins  or  cavi- 
ties, as  far  at  least  as  the  coal  is  concerned.  From  such  a  state 
of  things,  we  could  scarcely  expect  tliat  comparative  even 
thickness  of  the  coal-beds  observable  in  the  coal-measures  of 
England.  The  coal-beds  of  St.  Etienne  suddenly  swell  out,  and 
as  suddenly  become  mere  seams;  sometimes  being  from  fifty 
to  sixty-five  feet  thick,  at  others  presenting  mere  traces  of  coal. 
The  extraordinary  thickness  of  this  coal  may  surprise  some 
readers ;  it  nevertheless  reals  on  excellent  authority  *.  The 
mean  thickness  of  the  beds  worked  is  rarely  beyond  sixteen  or 
twenty  feet,  and  more  rarely  below  three  feet  and  a  quarter. 

Let  us  now  consider  the  motle  in  which  the  remains  of  ter- 
restrial vegetables,  so  abundantly  preserved  in  die  coal  strata, 
occur.  They  are  for  the  most  part  laid  flat,  and  the  leaves 
and  stems  parallel  to  the  line  of  stratification  ;  but  there  are 
other  cases  where  they  repose  at  various  angles  in  die  beds; 
and  finally  they  are  found  vertical,  with  their  roots  downwards. 
The  student  will  recollect  that  this  is  precisely  the  manner  in 
which  the  vegetables  of  the  submarine  forests  are  found  ;  and 
if  several  submarine  forests,  such  as  those  which  are  discovered 
around  the  shores  of  Great  Britain,  occurred  above  each  other, 


•  Clievftlicr,  Anuales  des  Mines,  3crae  Series,  1832,  t,  ii.  p.  44'f. 


with  the  intervention  of  sandy  and  day  beds,  we  shcrald  have 
a  series  of  deposits  not  very  unlike  the  coal  strata,  so  far  as 
regards  the  position  of  the  vegetable  remains.  If  we  are  to 
consider  parts  of  the  coal-measures  ns  in  any  way  resulting 
from  a  series  of  similar  deposits,  we  are  certainly  called  upon 
to  admit  a  very  remarkable  series  of  changes  in  the  relatiie 
surface  levels  of  land  and  water:  but  there  are  also  very  great 
difficulties  attending  the  supposition  that  the  vegetables  h%n 
been  swept  by  strong  currents  of  water  into  the  positions  where 
we  now  find  them ;  for  not  only  have  similar  effects  been  pro- 
duced over  considerable  areas,  but  the  vegetables  have  suffered 
very  little  injury,  their  delicate  leaves  being  most  beautifully 
preserved.  Now,  though  we  know  that  vegetables  are  abun- 
dantly borne  down  by#  river  floods  into  the  sea,  they  by  no 
means  remain  uninjured ;  and  if  they  be  of  a  soft  nature,  such 
as  the  bulk  of  the  coal  plants  are  considered  to  have  been,  the 
damage  done  them  by  transport  is  considerable,  as  I  have  had 
occasion  to  remark  on  the  coast  of  Jamalcn,  where  arborescent 
ferns  and  other  tropicftl  productions  are  sometimes,  though 
very  rarely,  carried  by  floods  from  the  neighbouring  moun- 
tains into  the  sea.  In  die  few  cases  which  passed  under  roy 
observation,  the  tern-trees  were  so  damaged  in  the  rivei^ 
courses  as  to  be  with  difficulty  recognisable*. 

We  have  now  so  many  cases  in  France,  Germany,  and 
Great  Britain,  of  the  occurrence  of  some  coal  plants  in  a  ver- 
tical jjoHition,  with  their  roots  downwards,  that  such  cases  can 
scarcely  be  consttlered  as  accidental,  but,  in  some  measure,  as     I 
churacleristic  of  the  tieposit  in  particular  situations. 

Mr.  William  has  brought  forward  some  good  examples  of 
verticid  stems  in  the  carboniferous  rocks  of  Durham  and  New- 
castle. Two  stumps  or  stems  of  Sigillarur  are  described  as 
KtanflJng  cruet,  with  their  roots  imbedded  in  bituminous  shale, 
in  tJiL'  Dcrvvent  Mines,  near  Blunchford,  Durham :  the  space 
rouml  tliiTM  was  cleared  oitl  to  obtain  the  lead  ore;  and  one 
pluui  is  stiUal  to  have  been  about  five  feet  high,  and  two  feet 
in  djuiiittor,  A  more  curious  case  was  observed  by  the 
same  juillior  in  the  Newcastle  district,  where,  in  sandstone 
hcMi'ath  the  High  Main  coal,  numbers  of  fossil  vegetables, 
chiefly  Sigillarieef  are  discovered  erect,  their  roots  imbedded 

•  'I'lii-  lu'iphl.  (it  whicti  arborescent  fema  arc  found,  would  seem  mach  t«> 
flfcjKMii!  oti  locul  caiwM.     Tims,  on  the  souihern  side  of  Jamaica  Uiey  donot^  ' 
nourish  inui;li  uiidi-r  un  clcvatiun  of  20OO  feet  aliove  the  sea;  while  on  th» 
iiorihiTii  nirlo  «('  iJu'  Home  inland  I  have  seen  them  at  not  moTe  than  400  or" 
AlH>  feet  above  the  same  level.     The  cause  would  seem  to  be  the  greater'    I 
moiMtiiro  uC  the  tiorlhrrn  side.     It  would  therefore  appear  that  a  considerabljr     1 
inoim  iliiriitk-  would  be  necessary  for  the  abundant  production  of  this  c\ai^ 
of  |)liuii»  ii)  ilif  Itiw  niiiiulions,  such  as  it  has  been  imagined  the  IooiIa  wcre- 

*ch  produced  thu  mass  of  the  coal  plants. 
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in  a  small  seam  of  coal  under  the  sandstone,  while  they  are  all 
truncated  on  the  line  of  the  High  Main  coal-betl,  to  the  forma- 
tion of  which  their  higher  ends  have  in  all  probability  partly 
contributed  *- 

A  still  more  curious  example  of  vertical  stems  of  plants  in 
coal-measures  is  noticed  by  Mr.  Wood,  as  liavinn;  been  ob- 
served above  tlie  ilijjh  Main  coal,  at  Killingworth  colliery 
in  tlie  same  district  There  were  many  of  thein,  and  they  rose 
ten  feet  tlirongh  various  strata  of  shale  and  sandstone.  That 
figured  beneath  (a  stem  of  Sigitlaria  pachj/derina\  though  not 
the  largest,  was  upon  the  whole  belter  exposed  to  view  than 
the  others.  It  was  about  two  feet  in  diameter  in  the  lower 
part,  and  the  roots  could  be  traced  running  into  the  shale,  for 
about  four  feet  from  the  stem.  The  roots  of  the  various  stems 
were  interlaced  with  each  other,  and  the  interior  of  the  plants 
was  filled  with  a  sandstone,  resembling,  not  that  of  the  lower 
beds  through  which  the  plant  rose,  but  that  of  the  upper  beds, 
Tliis  fact  proves  that  the  interior  of  the  plant  was  sufficiently 
hollow,  when  the  upper  beds  were  deposited,  to  permit  the  in- 
filtration of  the  sands  downwards.  About  thirty  of  these  stems 
were  visible  within  an  area  of  fifty  square  yards.  We  can 
scarcely  refuse  to  admit  with  Mr.  Wood  that  these  stems  of 
Sigillaria:  are  exactly  in  the  position  in  which  they  grew,  the 
shale  being  the  soil  or  mud  in  which  they  vegetated f. 

The  following  sketch  (Fig.  U9.)  will  illustrate  better  than 
words  the  manner  iti  which  one  of  the  stems  was  preserved  |.. 


Fig.  99. 


•  Witliiun,  Observations  on  Fowil  VcgetableB,  16UI,  p.  7,  where  liiere  it 
an  illustrative  Bectioii. 

f  Wfiod,  Trans.  Nat.  Hist.  Soc.  Newcastle,  vol  i.  p.  20.i,  and  p)  19 ,  and 
Lindluy  and  liuitoii's  Fossil  Fiord  of  Great  Britain. 

I  Taken  from  Lindloy  and  Iluiion's  Foitsil  Flora  of  Great  Britain,  pL  5-l> 
U»e  bod*  being  cuuincrBlcd  from  Mr.  Wood's  figure. 
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a,  High  Main  coal;  b,  argillo-bitutninous  shale;  r,  blue 
shale;  e,  compact  sandstone ;  g,  alternating  shales  and  sand- 
stones; /if  white  sandstone;  7,  micaceous  sandstone;  k,  shale. 
The  beds  dip  gently  to  the  westward. 

Such  cases  as  these,  and  that  long  since  noticed  by  M.  Ad. 
Brongniart  at  St  Etienne*,  wliere  numerous  stems  are  also 
included  upright  in  coal  sandstone,  without  however  being  trun- 
cated by  a  coal-  or  shale- bed,  are  suihcienl  to  show  the  very  great 
analogy  which  exists  between  them,  certain  submarine  tbrests, 
the  dirt'bed  at  Portland,  and  the  vertical  stems  in  the  York- 
shire oolite,  inasmuch  as  they  all  apparently  point  to  a  quiet 
submergence  f. 

We  may  have  some  difficulty  in  considering  the  deposition 
of  sand  to  have  been  effected  so  quietly  amid  the  stumps  of 
trees  as  not  to  have  washed  away  the  substances  in  which  they 
were  imbedded ;  but  we  have  only  to  recollect,  that  among  tlie 
submarine  forests  round  our  shores,  if  once  any  of  them  were 
at  such  a  depth  beneath  the  surface  of  the  sea  as  to  be  sufiici- 
ently  beyond  the  influence  of  the  waves,  they  would  becooK 
quietly  covered  by  sand ;  for  the  velocity  of  water  sufficient  to 
transport  this  sand,  wouhl  scarcely  disturb  the  trees. 

It  seems  impossible  to  come  to  any  other  conclusion,  respect- 
ing the  vertical  stems,  not  only  in  tlie  coul-measures,  but  also  in 
the  other  rocks  above  noticed,  except  that  they  occur  in  the  re- 
lative situations  in  which  they  grew,  were  submerged  quietly, 
and  as  quietly  entombed  in  sands,  shales,  or  calcareous  matter. 
The  supposition  that  these  stems  have  been  transported  in  mass 
by  water,  with  their  roots  downwards,  is  ntjite  untenable  when 
we  consider  the  various  facts  adduced.  The  analogy  between 
the  trees  in  tiie  dirt-bed  of  Portland,  the  vertical  stems  of  Equi- 
Bcta  observed  by  Mr.  Murchison  in  the  oolitic- series  of  York- 
shire, and  the  vertical  stems  of  the  coal-measures,  is  quite  jier- 
fect;  in  all  cases  the  plants  are  too  numerous  to  admit  of  any 
otlier  explanation  than  that  of  their  having  grown  in  the  beds 
in  which  their  roots  are  now  found,  and  they  all  point,  as  be- 
fore stated,  to  quiet  submergence  and  tranquil  envelopment. 

That  this  explanation  is  only  applicable  to  cases  of  large 
areas,  occupied  by  vertical  stems  of  plants,  will  be  at  once 
granted.     It  does  not  account  for  the  mass  of  coal  generally, 

•  Annviles  des  Miiips,  1821. 

t  It  cannot  be  denied  thatj  under  particular  circumstances,  stenu  of  trw* 
preserving  a  vertical  position  may  be  forced  onwards  by  river  inundadona. 
Thus,  magt,  or  trees  with  their  roots  downwards,  and  only  forced  by  the  «ur» 
rent  from  n  vertical  position,  arc  common,  ao  as  to  be  very  dtiiigerous,  in  the 
Mississippi ;  and  trees  were  forced  down  the  valley,  during  ihe  debacle  of 
the  Vallee  de  lingnes,  and  left  standing  with  their  roots  downwards,  at  Mar- 
tigny.  These  facta  admit  of  easy  explanation  ;  for  if  trees  be  suddenly  de- 
tached from  the  soil,  and  their  roots  loaded  with  atones  and  other  b 
matter,  they  would  naturally  float  with  the  branches  upwards, 
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which  has  every  appearance  of  having  been  driiled  at  unequal 
intervals.  Drills  of  vegetable  matter  now  take  place  into  lakes 
and  estuaries;  but  admitting  that  much  coal  may  have  accu- 
mulated in  such  situations^  there  are  serious  difiicuUies  attend- 
ing this  as  a  general  explanation  of  coal  accumulations,  more 
especially  where,  among  tlie  marine  remains  contained  in  lime- 
stones, alternating  with  coal  strata,  we  find  corals.  Now  co- 
rals are  generally  very  abundant  in  these  alternating  limestone 
beds,  and  it  is  well  known  that  the  creatures  which  construct 
the  corals  of  the  present  day  avoid  fresh  and  brackish  waters. 
It  therefore  fallows,  either  that  the  coal  in  these  alternations 
could  not  have  been  deposited  in  fresh  or  estuary  waters,  or 
that  the  habitats  of  corals  were  not  then  of  the  same  kind  as 
we  now  find  tlienv. 

The  occurrence  of  limestone  strata,  continuous  over  consh- 
derable  areas,  and  alternating  with  the  shales  and  sandstones, 
would  seem  to  require  comparative  tran(|uillitv  for  their  pro- 
duction, more  particularly  as  the  marine  shells  entombed  in 
them  have  evidendy  not  been  subjected  to  violence,  but  appear 
to  have  been  imbettded  at  no  great  distances  from  the  places 
where  they  lived  and  died. 

The  vegetable  remains  are  often  of  considerable  size.  M. 
Brongniarl  observes  that  in  the  coal  strata  of  Dortmund,  Es- 
sen, and  Bochum,  stems  are  found  in  the  planes  of  the  strata, 
more  than  fifty  or  sixty  feet  long,  and  that  they  may  be  traced 
in  some  of  the  galleries  for  more  than  forty  feet  without  ob- 
serving their  natural  extremities*.  Vegetables  of  large  size 
hove  also  been  detected  in  Great  Britain.  Mr.  Witham  men- 
tions one  in  Craigleith  quarry  as  being  forty-seven  feet  in  length, 
from  the  highest  part  discovered  to  the  root.  The  bark  is  de- 
scribed as  converted  into  coalf.  Lepidotkndra  have  been 
discovered  in  the  northern  parts  of  England,  from  twenty  to 
forty-five  feet  long,  and  four  feet  and  a  half  in  diameter  J. 

Respecting  the  general  character  of  the  vegetation  of  this 
period,  such  as  we  find  it  entombed  in  the  carboniferous  rocks 
of  the  northern  hemisphere,  M.  AiL  Brongniart  observes,  that 
it  is  remarkable ;  1.  for  the  considerable  proportion  of  the 
vascular  cryptogam  ic  plants,  such  as  the  Equisetacetv,  Filiccsy 
MarsileacecE,  and  hycopodiaceee ;  2.  for  the  great  development 
of  the  vegetables  of  this  class,  so  that  they  have  attained  a  mag- 
nitude lar  beyond  those  of  the  same  class  now  existing;  thus 
proving  that  circumstances  were  particularly  favourable  to 
their  pro<luction  during  tlie  period  under  consideration.     It 

*  Brongniart,  Tublcau  dcB  Terrains  oui  composcnt  I'Ecorcc  du  Globe. 
\  Withnin,  Edinburgh  Jouma]  of  Natural  and  Geographical  Science. 
April,  1831. 

:  Lindle?jr  and  Hutton,  Fossil  Flora,  Vol.  i.  p.  17. 
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has  been  ascertained  within  Uie  hut  few  years,  Umt  dicotyledo- 
nous plants,  which  were  once  considered  to  be  exceedingly 
rare,  if  not  altogether  absent,  in  the  coal-measures,  exist  in 
great  abundance  in  the  same  rocks.  ConifertE  are  sufficiently 
common.  It  would  appear  that  authors  are  by  no  means  agreed 
as  to  what  families  certain  genera  of  fossil  plants  should  be  re- 
ferred. Thus  M.  Adolphe  Brongniart  refers  the  genus  5/*^- 
maria,  very  common  in  the  coal-measures,  to  the  family  of  Z^ 
copodiacece;  while  Prof.  Lindley  and  Mr,  Hutton  consider  tliat, 
if  an  existing  analogy  must  be  found,  it  is  with  greater  proba- 
bility of  accuracy  referrible  to  Eupfiorbiacetc  or  Cactece^  most 
probably  to  the  former; — a  difference  of  considerable  impor- 
tance, as  upon  it  depends  whether  the  genus  in  question  be- 
longs to  the  class  CcllulareSy  or  to  the  class  Vasndares.  No 
doubt  this  diiference  of  opinion  arises  from  the  obscurity  of  the 
subject,  fossil  botany  being  beset  with  very  great  difficulties; 
(lifliculties  far  beyond  those  which  attend  the  study  of  fossil 
zoology,  though  the  latter  are  by  no  means  either  small  or  rare. 
The  possibility  of  this  variety  of  opinion  among  distinguished 
Iwtantsts,  should  leach  geologists  caution,  and  prevent  them 
from  indulging  in  those  liasty  generalizations,  which,  though 
often  brilliant,  too  frequently  impede  the  progress  of  the  sci- 
ence they  cultivate,  not  only  by  rendering  authors  satisfied 
with  rapid  conclusions,  but  also  by  throwing  doubt,  when  such 
conclusions  are  found  to  be  erroneous,  upon  others  which  are 
firmly  based,  and  which  may  be  considered  as  exact  as  those 
of  any  other  science. 

As,  in  the  opinion  of  botanists,  islands  in  warm  countries 
are  favourable  to  the  growth  of  Ferns  and  otlier  plants  of  the 
same  natural  chiss,  not  only  from  tlie  presence  of  tlie  necessary 
heal,  but  from  the  moisture  so  congenial  to  them,  it  has  been 
considered  by  MM.  Sternberg,  Boue,  and  Ad.  Brongniart, 
lliat  the  vegetation  of  this  period,  such  as  we  find  it  in  the  car- 
huuilcrous  de])osits  of  Europe  and  North  America,  was  tiie 
growth  of  islands  scattered  in  archipelagos. 

When  \»'e  come  narrowly  to  look  ijjio  the  structure  of  the 
coal-measures,  the  vast  accumulations  of  shale  and  sandstones, 
sometimes  amounting  to  the  depth  of  460  feet  (Forest  of  Dean), 
do  not  precisely  accord  with  mere  oscillations  of  islands  aboi'e 
and  beneath  the  level  of  the  sea,  which  might  in  some  cases 
appear  probable;  for  diese  accumulations  of  detritus  require 
considerable  drift,  and  must  have  resulted  from  the  destruction 
of  pre-existing  rocks,  mostly  siliceous,  and  therefore,  if  solid, 
requiring  much  time  for  their  degradation,  with  the  assistance 
of  other  forces  than  the  mere  battering  of  the  surf  on  clusters 
of  low  islands,  perhaps  defended,  like  those  in  the  Pacific,  by 
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The  presence  of  larger  masses  of  land,  with  mountains^ 

P'vers,  and  other  physicixl  features  necessary  for  the  production 
r  a  larger  amount  of  detritus,  would  seem  requisite,  inde- 
pendent of  volcanic  eruptions,  and  other  exertions  of  internal 
force,  for  the  accumulations  we  observe.  The  oscillation  of 
low  islands  is  mentioned  nierelj  as  the  possible  explanation  of 
some  of  the  observed  pha;nomeno,  and  the  student  must  be 
careful  to  consider  it  only  in  that  light.  While  on  tliis  sub- 
ject, however,  it  may  be  as  well  to  notice  a  possible  explana- 
tion of  some  of  the  minor  alternations  of  limestones  with  marine 
remains,  with  shales  and  cob!  containing  terrestrial  remains 
such  as  are  found  in  the  millstone  grit;  because  such  hints, 
without  attribuiing  any  particular  value  to  them,  very  fre- 
quently lead  to  iurther  intjuiry.  Suppose  a  tract  of  low  land 
covered  witli  a  dense  vegetation,  such  as  is  found  in  the  tropics, 
to  be,  by  a  movement  in  the  earth, — an  earthquake,  for  in- 
stance,— submerged  a  tiew  feet  beneath  the  sea ;  marine  animals 
would  establish  themselves  on  the  submerged  surliice,  which 
would  become  in  the  condition  of  the  submarine  Ibrests  pre- 
viously noticed ;  and  the  consequence  would  jirobably  be,  that 
not  only  millions  of  testaceous  creatures  would  leave  their  ex- 
uvia*,  but  tliat  the  corals  would  also  swarm,  and  might  even- 
tually produce  coral  islands,  upon  which  vegetation  might 
again  establish  itself,  to  be  again  submerged.  That  coral  is- 
lantls  are  sometimes  raised  above  the  sea,  is  what  we  should 
expect;  and  evidence  of  it  has  been  adduced  by  Captain 
Beechey,  who  describes  Henderson's  Island  (in  the  Pacific)  as 
apparently  upheaved  by  one  efllbrt  of  nature  to  the  height  of 
eighty  feet.  It  is  composed  of  dead  coral,  bounded  by  per- 
pendicular cliffs,  which  are  nearly  encompassed  by  a  reef  of 
living  coral,  so  that  the  cliffs  are  beyond  the  reach  of  the  spi'ay*. 
Now  depression  to  this  amount  might  as  easily  have  taken  place; 
in  which  case  the  vegetation  of  tlie  iUand  would  have  been 
submerged  eighty  feet,  and  the  amount  of  destruction  it  would 
suffer  would  depend  on  the  greater  or  less  suddenness  of  the 
movement.  Such  movements  cannot  be  consiilered  great  when 
regarded,  as  they  always  should  be,  with  reference  to  the  mass 
of  the  world  ;  for  we  have  proof  that  far  greater  have  occurred, 
and  the  differences  which  have  been  produced  in  the  relative 
levels  of  land  and  water  are,  when  viewed  on  the  great  scale, 
of  very  trifling  importance. 

According  to  M.  Ad,  Brongniart,  if  we  look  at  the  mass  of 
llie  coal  plants,  wc  must  consider  the  vegetation  of  the  carbo- 


Bcechey,  Voyage  to  >he  Pacific  Ooean  and  Beliring's  Straitx.  p.  191. 
)i'scriptions  of  other  coml  islnnds,  with  sections  at  tlieir  general  Blnicture, 
rill  he  foiuid,  pp.  160  and  18G  of  tLe  siamu  work. 
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abundant,  and  tlie  calcareous  matter,  were  alternately  pro- 
duced for  a  comparatively  limited  period.  An  immense  tnasb 
of  sandstone,  shales,  and  conl  was  then  accumulated  in  beds 
one  above  another,  which,  tlioiigii  irregular  with  regard  to 
the  relative  periods  of  deposit,  are  frequendy  persistent  over 
considerable  areas. 

By  general  consent  the  coal  is  considered  as  resulting  from 
tlie  tlistribution  of  a  hotly  ol  vegetable  remains  over  areas  of 
greater  or  less  extent,  upon  a  previously  deposited  surface  of 
sand,  argillaceous  silt,  or  mud,  but  principally  the  latter,  now 
compressed  into  shale.  After  the  distribution  of  the  vegeta- 
bles, other  sands,  silt,  or  mud,  were  accumulated  upon  them; 
and  this  kind  of  operation  was  continued  irregularly  for  a  con- 
siderable time,  during  which  there  was  an  abundant  grovtli 
of  similar  vegetables  at  no  very  distant  place,  to  be  suddenlj, 
at  least  in  part,  destroyed  and  distributed  over  considerable 
areas  on  the  more  common  detritus. 

Great  length  of  time  would  be  requisite  for  this  accumula- 
tion, because  the  pha^nonicna  observed  would  lead  us  to  con- 
sider the  transporting  power,  lliough  variable,  to  have  beeii 
generally  motleratc :  cnoreover  a  very  considerable  growth  of 
vegetables  requiring  time,  would  be  necessary  at  distinct  in- 
tervals; for  coal-beds  only  now  six  or  ten  feet  thick,  must, 
before  pressure  was  exerted  upon  them,  have  occupied  a  much 
greater  depth.  It  is  a  remarkable  circumstance  connected 
with  the  coal-measures  of  the  JSouth  of  England,  that  marine  1 
remains  have  not  been  detected  in  them,  which,  though  it  ' 
does  not  prove  die  deposit  of  coal  to  have  been  effected  in 
fresh  water,  does  appear  to  show  that  there  was  something 
which  prevented  the  jiresence  of  marine  animals, — a  circum- 
stance the  more  remarkable,  as  we  have  seen  that  such  ani- 
mals swarmed  durinrr  the  formation  of  the  carboniferous  lime- 
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stone. 

These  remarks  are  not  only  applicable  to  the  small  di- 
strict above  noticed,  but  to  a  large  extent  of  country, — one 
stretching  from  Belgium,  through  the  North  of  France,  ami- 
the  southern  parts  of  England  and  Wales,  into  Ireland;  aiiiE- 
for  the  most  part  concealed  beneath  masses  of  newer  rocks^ 
As  we  advance  northward,  however,  the  marked  distinctions^ 
as  before  noticed,  disappear ;  so  that  the  causes,  whateve«C3 
they  were,  which  produced  such  a  separation  of  arenaceou^ 
and  calcareous  rocks  on  the  south,  became  modified,  and  th^^ 
limestones  were  more  intimately  blended,  in  alternating  bed^H 
with  Uie  sandstones  and  shales,  affording  a  greater  mixture 
of  marine  with  terrestrial  remains.     It  has  long  been  kno"^^ 
that  the  Yorkshire  coal-measures  presented  a  bed  c^^'"*"^ 
the  remains  of  Ammonites  and  Pcctinei:,  and  •^•'»"-  *he  fossds  o" 


Carboniferous  Group. 


the  carboniferous  limestone  and  coal-measures  were  detected 
in  the  millstone  grit;  or,  in  other  words,  that  there  was  an 
alternation  of  terrestrial  with  marine  remains, — showing  that 
the  causes  which  effected  the  deposit  of  calcareous  matter  and 
envelopment  of  marine  remains  sometimes  predominated,  while 
at  otliers  a  transport  of  mud  and  sand  entombed  an  abundance 
of  vegetables.  The  occurrence  of  marine  remains  amid  die 
coal-measures,  it  will  be  observed  by  reference  to  the  foregoing 
lists,  is  not  confined  to  Great  Britain,  but  is  also  remarked  in 
different  parts  of  Cicrmaiiy  ;  so  thai  the  same  modification  of 
circumstances  wliicli  has  produced  a  mixture,  or  rather  alter- 
nation, of  marine  and  terrestrial  remains  in  Great  Britain,  has 
extended  into  tlie  continent  of  Europe. 

Mr.  Buddie  observes,  respecting  the  Newcastle  coal-field, 
that  the  sandstones  increase  in  number  and  thickness  as  they 
rise  or  crop  upwards,  whereas  the  argillaceous  shales  become 
thicker  in  the  opposite  direction*-  This  is  precisely  the  api- 
pearance  we  should  expect  from  a  deposit  from  water  moving 
with  motlerate  velocity,  and  which  should  hold  detritus  of  dif- 
ferent degrees  of  fineness  in  mechanical  suspension.  The 
sands  would  be  first  deposited,  while  the  sill  and  mud  would 
be  carried  greater  distances.  It  would  hence  follow,  that  the 
sands  would  be  more  abundantly  deposited  in  proportion  as  they 
approached  the  situations  whence  the  detritus- bearing  water 
proceeded,  and  consequently  the  resulting  beds  would  become 
thinner  as  they  receded  from  the  same  situations.  The  very 
reverse  would  happen  with  the  mud  deposits.  So  that  sup- 
posing the  transporting  current  of  water  to  have  been  nearly 
uniform  and  not  rapid,  we  should  have  the  effects  produced 
stated  to  be  now  observed  in  the  Newcastle  coal-field. 

There  is  another  class  of  appearances  connected  with  these 
rocks  which  demands  our  attention*  From  a  considerable 
mixture  of  porphyry  in  certain  situations  with  the  coal-mea- 
bures,  it  has  sometimes  been  considered  that  this  rock  was  an 
essential  and  component  part  of  the  group  under  consideration. 
From  all  analogy  it  may  be  concluded  that  porphyries  are  of 
igneous  origin;  and  for  tlie  same  reason  it  is  inferred  that  the 
coal-measures  and  their  accompanying  beds  were  produced  by 
aqueous  deposition.  We  therefore  should  be  lea  d  priori  to 
consider,  that  two  substances  of  such  difierent  origin  did  not 
necessarily  constitute  parts  of  a  common  whole,  but  that  iheir 
admixture  was  accidental.  And  we  may  consider  this  at  once 
proved,  by  the  abundant  occurrence  of  coal-measures  without 
jorphyry,  such  as  is  so  commonly  the  case  in  England. 

In  the  sections  which  M.  Hoffmann  has  presented  us  of  the 

•  budju.  Trims.  Nut  lli»t  Soc.  NewcMtle,  vol  i.  p,  238. 
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cual-mensures  of  Wettin,  and  other  places  in  North-western 
Germany,  it  is  easy  to  conceive,  although  porphyry  occurs 
both  above  and  beneath  the  coal  strata,  that  the  latter  are  not 
necessarily  of  contemporaneous  formation  ;  on  the  contrary, 
the  fractured  and  contorted  state  of  the  beds  shows  that  great 
violence  has  been  exerciscil  upon  them,  precisely  such  as  would 
be  expected  if  igneous  rocks  had  burst  in  amidst  them,  when 
among  other  accidents  we  should  expect  to  find  large  masses 
of  coal-measures  caurrht  up  and  included  in  the  porphyry,  as 
we  find  masses  of  chalk  caught  up  and  enveloped  by  basalt  in 
the  North  of  Ireland.  As  we  shall  return  to  the  subject  of  the 
igneous  rocks  found  among  tl>e  carboniferous  group  in  an- 
other place,  the  above  notice  has  been  introduced  merely  to 
show  that  the  supposed  connexion  of  porphyry  and  coal  strata 
has  not  been  overlooked. 

From  the  similarity  of  general  circumstances  attendant  on 
the  coal  strata,  we  have  reason  to  conclude,  although  the  series 
may  contain  more  limestone  at  one  place  than  at  another,  ih; 
in  Poland,  Western  Germany,  Northern  France,  Belgiui 
and  tlie  British  Isles,  there  were  some  common  causes  in  o[ 
ration  at  the  same  epoch,  producing  the  envelopment  of  a  gri 
abundance  of  terrestrial  vegetables,  of  a  nature  that  coulJ  not, 
from  the  want  of  llie  necessary  heat,  now  flourish  in  the  satne 
latitude?. 

Proceeding  to  the  central  part  of  France,  we  6nd  several 
smaller  coal  deposits,  which  more  particularly  from  tbeir  or- 
ganic character  are  referred  to  the  carboniferous  epoch  of 
which  we  are  treating.  How  far  they  may  have  been  once 
more  extensive  and  continuous,  and  how  far  they  may  have 
suffered  from  movements  in  the  land,  dislocations,  and  denu- 
dation, we  are  not  certain ;  but  we  are  certain  that  they  were 
directly  deposited  on  granite,  mica-slate,  gneiss,  and  other  rocks 
of  that  character.  The  causes  tlierefore  which  produced  the 
calcareous  beds,  sometimes  very  abundantly,  in  the  countries 
above  noticed,  have  not  extended  to  them.  The  obseived 
phftjnomena  are  however  sufficient  to  show  that  a  vegetation 
similar  to  that  of  the  more  northern  carboniferous  rocks  is  there 
entombed,  though  we  are  not  quite  assured  to  what  precise 
perifKl  their  formation  can  be  referred;  for,  as  will  be  seen  in 
the  sequel,  vegetables  of  the  same  general  character  are  de- 
lected in  the  grauwacke  series,  and  it  is  also  possible  that  they 
might  be  discovered  in  the  rothliegendes  under  the  zechstein. 
The  precise  period  of  any  particular  deposit  of  similar  vege- 
tables may  thus  be  sought  through  a  considerable  lapse  of  time, 
and  it  becomes  hazardous  to  fix,  without  very  good  evidence 
on  any  relative  portion  of  that  time.  The  conglomerate'^  ^^su- 
ally  referred  to  the  old  red  sandstone  in  North»*~  tingland 
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sometimes  intervening  lictweeii  the  iiplurnetl  grauwackc  rocks 
and  the  carboniferous  limestone  beds  resting  upon  them,  and 
noticed  by  Prof,  Sedgwick  and  trther  geologists,  mny  have 
been  followed  by  a  coal  deposit  where  circumstances  were  fa- 
vourable; and  the  result  would  have  been  a  formation  similai* 
to  the  deposits  of  central  France,  except  that  the  subjacent 
rocks  would  be,  perhaps,  more  ancient  in  the  latter  case.  It 
may  however  have  also  happened,  that  during  the  grauwacke 
deposit,  to  be  noticed  in  the  next  section,  circumstances  fa- 
voured a  production  of  rocks  similar  to  those  of  St.  Etienne 
and  other  places ;  as  aUo  that  during  a  subsequent  period^  one 
equivalent  to  the  lower  part  of  the  red  sandstone  gioup,  a  si- 
milar deposit  might  be  eflected ;  for  as  rocks  may  be  violently 
disturbed  in  one  [dace  and  not  in  another,  so  may  they  also  be 
quiedy  formed  in  one  situation,  while  a  few  hunitred  miles  di- 
stant, disruptions  of  strata  and  the  trituration  of  organic  re- 
mains may  have  taken  place,  so  that  no  trace  of  organic  life 
may  be  left. 

While  on  the  subject  of  the  coal  series  of  France  deposited 
in  gneiss,  mica-slate,  &c.,  we  may  remark  the  very  unequal 
manner  in  wliich  the  St.  Etienne  coal-field  has  been  deposited. 
The  rocks  beneath  (gneiss,  mica-slate,  and  talc-sIatc)  have  a 
very  irregular  surface,  in  which  the  series  of  conglomerates, 
sandstones,  shales,  and  coal  are  moulded ;  and  the  result  is 
diat  the  whole  is  divisible  into  several  minor  basins  or  cavi- 
ties, as  far  at  least  as  the  coal  is  concerned-  From  such  a  state 
of  things,  we  could  scarcely  expect  tliat  comparative  even 
thickness  of  the  coal-beds  observable  in  the  coal-measures  of 
England.  The  coal-beds  of  St.  Etienne  suddenly  swell  out,  and 
as  suddenly  become  mere  seams ;  sometimes  being  from  fifW 
to  sixtj^-five  feet  thick,  at  others  presenting  mere  traces  of  coal. 
The  extraordinary  thickness  of  this  coal  may  surprise  some 
readers ;  it  nevertheless  rests  on  cxcelleni  authority  *.  The 
mean  thickness  of  the  beds  worked  is  rarely  beyond  sixteen  or 
twenty  feet^  and  more  rarely  below  three  feet  and  a  quarter. 

Let  us  now  consider  the  mode  in  which  the  remains  of  ter- 
restrial vegetables,  so  abundantly  preserved  in  the  coal  strata, 
occur.  They  are  for  the  most  part  laid  flat,  and  the  leaves 
and  stems  parnllel  to  the  line  of  stratification ;  but  there  are 
other  cases  where  they  repose  at  various  angles  in  the  beds; 
and  finally  they  are  found  vertical,  with  their  roots  downwards. 
The  student  will  recollect  that  this  is  precisely  the  manner  in 
which  the  vegetables  of  the  submarine  forests  are  found  ;  and 
if  several  submarine  forests,  such  as  those  which  are  iliscovered 
around  the  shores  of  Great  Britain,  occurred  above  each  other, 
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is  covered  by  a  detritus  {b  b)  coraposeil  of  fragments  of  the 
same  kind  of  slate  as  that  on  which  it  reposes,  and  of  the  va- 
rious grauwacke  rocks  of  the  hill  behind. 

Fig.  107. 


b  a  a  f 

It  is  often  interesting  to  remark,  in  countries  where  ver5 
or  highly  inclined  strata  render  such  observations  clear,  the 
various  mineralogical  changes  which  frequently  take  place  in 
minor  divisions  ol  the  giaiiwacke  grunp.     Thus,  for  instance, 
in  some  parts  of  Devonshire,  where  quartz  rocks  are  associated 
with  the  grauwacke,  tliere  are  often  opportunities  of  observing 
various  changes  of  this  kind  within  the  distances  of  ten  or 
twenty  miles.     At  first  the  series  of  beds  may  consist  of  fine- 
grained argillaceous  states.    After  a  range  of  two  or  three  miles 
the  continuation  of  these  beds  will  become  more  arenaceous. 
The  arenaceous  structure  of  the  rocks  will  then  gradually  in- 
crease, until  they  assutue  the  character  of  compact  sandsrones. 
Finally  the  arenaceous  appearance  is  lost  by  a  kind  of  union 
of  the  grains  with  each  other,  and  the  rocks  consist  of  beds  of 
quartz,  in  which  traces  of  a  mechanical  origin  can  seldom  or 
rarely  be  observed.     If  now  we  continue  to  follow  up  the  same 
system  of  beds,  we  shall  find  that,  after  a  course  of  some  miie^ 
of  quartz  rock,  the  latter  character  gradually  disappears,  the 
strata  at  first  becoming  arenaceous,  and  afterwards  pajising  into 
schistose  rocks,  in  which  the  grain  is  more  or  less  fine.     It  not 
unfrequently  happens  that  thequartz  rock  suffers  its  first  change 
by  the  acquisition  of  mica,  which  renders  it  to  a  certain  extent 
schistose,  though  at  first  it  only  causes  it  to  assume  the  cha- 
racter of  avanturine.     In  such  situations  mineralogical  mica- 
slate,  tliat  is,  a  slaty  rock  solely  composed  of  mica  and  quartz, 
is  by  no  means  uncommon,  and  is  merely  the  quartz  rock  ren- 
dered highly  schistose  by  an  abundance  of  mica.     Of  course 
the  change  is  not  always  sufiiciently  great  to  proiluce  dcci<Ied 
quarts  rocks.     It  frequently  arrives  only  at  that  state  on  which 
the  arenaceous  rock  becomes  exceedingly  hard,  but  in  which  its^^ 
mechanical  origin  and  sandstone  character  are  quite  apparent^H 
Changes  of  minor  importance  are  innumerable;  yet  it  not  un«^^ 
frequently   happens   that    these   minor  divisions   retain  their 
mineralogical  characters  unimpaired,  or  with  onlv  slight  mo-       I 
difications,  for  considerable  distances:  thus  showmg  that  cer- 
tain minor  causes  have  varied  considerably  during  the  produc-       ' 
tion  of  the  grauwacke,  and  tf  lat,  though  the  mass  of  this  group,       I 
viewed  on  the  large  scale,  presculs  considerable  uniformity  of 
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structure,  there  is  abundant  evidence  of  mucli  variation  and 
cliange  of  mineralogical  character  on  the  small  scale. 

The  mode  In  %vhich  ihe  calcareous  beds  occur  in  the  group 
under  consideration  is  also  exceedingly  vaiiable.  Tliey  are  at 
times  little  else  than  the  finer  grained  strata,  which  may  con- 
tain Calcareous  matter,  such  calcareous  mutter  varying  much 
in  its  proportion  to  the  other  i.iibslances  of  which  the  be<t* 
are  coniposeil.  Hence  we  have  eveiy  change  from  coiuplete 
limestone  to  beds  in  which  the  calcareous  matter  is  spartiijjly 
disseminated*.  This  calcareous  character,  though  liable  lo 
be  lost  at  unequal  intervals,  can  often  be  tracetl  tor  consider- 
able distances  in  the  general  direction  of  the  strutii.  Whence 
it  may  be  inferred,  that,  during  the  deposit  of  the  grauwacke, 
calcareous  matter  was  olten  tiisseminated  over  lai'ge  areas, 
sometimes  being  meiely  mixed  with  the  more  common  sub- 
stances of  the  deposit,  while  at  others  it  was  sufiicieutly  abun- 
dant to  constitute  bands  of  limestone.  Though  this  mode  of 
occurrence  is  far  from  uncommon,  tlie  more  sudden  appearance 
and  disa]>peararce  of  carbonate  of  liviie  is  by  no  means  rare. 
Limestone  beds  will  often  become  abundant,  and  constitute  an 
important  part  of  the  series,  without  any  variation  in  the  mine- 
ralogical character  of  the  grauwacke  in  iheir  line  of  bearing, 
which  would  lead  us  to  expect  so  sudden  a  development  of 
calcareous  matter.  Examples  of  this  fact  can  readily  be  ob- 
served in  several  parts  of  isouthern  Devon. 

Tlie  origin  of  the  limestones  is  of  fur  more  difficult  expla- 
nation ttian  the  sandstones  and  slates  in  which  they  arc  inclu- 
ded. We  cannot  well  seek  it  in  the  destruction  of  pre-existing 
calcareous  rocks  ;  lor  as  tar  as  our  knowledge  extends,  such 
rocks  are  of  comparative  rarity  among  the  older  strata.  In 
fact,  the  quantity  of  calcareous  matter  present  in  the  grauwacke 
group  greatly  exceeds  that  discovered  in  the  older  rocks  ;  and 
the  same  remark  applies  lo  many  of  the  newer  deposits  when 
considered  with  reference  to  the  grauwacke  scries.  If  we  take 
Uie  mass  of  deposits  up  to  the  chalk  inclusive,  we  shall  find  that, 
instead  of  a  decrease  of  carboiuite  of  lime,  such  as  we  should 
expect  if  that  contained  in  each  deposit  originated  solely  from 
the  destruction  of  pre-existing  limestones,  the  calcareous  mat- 
ter is  more  abundant  in  the  upper  than  in  the  lower  parts  of 
the  mass;  and  we  may  hence  conclude  that  this  explanation  is 
insufficient. 

If,  as  has  often  been  done  with  other  limestones,  we  attri- 
bute the  origin  of  the  grauwacke  limestones  in  a  great  measure 

•  It  may  not  perhaps  be  generally  known  that  many  of  thi'se  beds,  which 
•re  little  else  than  argillaceous  h'meatones,  with  the  addition  ol'a  suiall  pro- 
portion of  silica,  are  liighly  useful  as  water-setting  limestones,  being  acarcely, 
if  at  all,  inferior  to  the  liai  liincstoiH>»,  »u  oitich  valued  uu  this  account. 
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to  the  exuviae  of  testaceous  animals  and  polypifers,  we  must 
grant  the  animals  carbonate  of  lime  with  which  to  construct 
their  shells  anti  solid  liabiiations.  This  they  may  have  ob- 
tained either  in  their  food  oi'  fVuiii  lite  medium  in  which  diey 
existed.  Tlie  marine  vegctal)ies  are  not  likely  to  have  sup- 
plied them  with  a  greater  abundance  uf  carbonate  of  lime  at 
that  time  than  al  presents  Those  that  were  carnivorous  might 
acquire  much  carbonate  of  hme  by  devouring  other  animals 
more  or  less  possessed  of  this  substance:  but  the  diificulty  is  by 
no  means  lessened  by  tins  explanation;  tor  the  creatures  de- 
voured must  have  procured  the  lime  somewhere.  It  would 
appear  that  we  should  luuk  to  the  medium  in  which  testaceous 
animals  and  polyjiifers  existed,  lor  the  greater  proportion,  if 
not  all,  of  the  carbonate  of  lime  witli  which  they  constructed 
their  shells  and  habitations.  Now  if  we  consider  the  mass  of 
limestone  rocks  to  have  originated  from  the  exuvice  of  marine 
animals,  we  are  called  upon  to  consider  that  carbonate  of  lime 
was  once  far  more  abundant  in  the  sea  than  we  now  find  it, 
and  that  it  has  been  gradually  deprived  of  it.  This  supposi* 
tion  would  lead  us  to  expect,  that  as  the  sea  was  gradually  de- 
prived of  its  carbonate  of  lime,  limestone  deposits  would  become 
less  and  less  abundant ;  and  consequentlvt  that  calcareous  rocks 
would  be  most  common,  when  circumstances  were  roost  fa- 
vourable, that  is  to  say,  during  the  formation  of  tlie  older  rocks. 
This,  however,  is  preci-^ely  the  reverse  of  what  has  happened. 
Hence  we  may  infer  that  the  origin  of  the  mass  of  limestone 
deposits  must  be  sought  otherwise  than  in  the  attrition  or  so- 
lution of  older  and  stratified  rocks,  or  from  the  exuviae  of  ma- 
rine animals  deriving  their  solid  parts  from  a  sea  which  has 
gradually  been  deprived  of  nearly  all  its  carbonate  of  lime. 
Both  these  causes  may  have  eventually  proiluced  important 
mollifications  on  the  surface  of  the  earth  ;  but  the  great  pro- 
portion of  lime  necessary  for  the  formation  of  the  calcareous 
masses  covering  a  considerable  part  of  it,  would  appear  to  have 
been  otherwise  obtained. 

It  has  been  usual  to  consider  tlie  lime  of  calcareous  deposits 
as  derived  from  limestone  rocks,  through  which  waters  charged 
with  carbonic  acid  percolated,  the  carbonic  acid  dissolving  a 
certain  portion  of  the  iime,  which  is  thus  held  in  solution  bjr 
the  water  until  it  reaches  the  surface,  where  it  is  thrown  down 
in  the  shape  of  limestone.  This  explanation  may  suffice  for 
the  small  deposits  we  observe  in  calcareous  countries,  but  is 
insufficient  for  the  productions  of  limestones  generally;  for  ii 
assumes  that  the  solution  of  a  small  quantity  of  lime  obtained 
from  older  rocks  is,  as  previously  noticed,  capable  of  produ- 
cing an  immense  deposit  of  the  same  substance.  We  know  tliat 
carbonic  acid  is  now  discharged  into  the  atmosphere  from  the 
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earth  by  means  of  volcanos,  fi«is«jres,  and  springs,  and  we  hnve 
no  reason  to  doubt  that  this  lias  been  llie  ciise  during  a  lon<^ 
succession  of  ages;  inilecd  we  liave  every  reason  to  believe 
that  such  discharfre  of  carbonic  acid  Ibrraed  a  part  of  the  great 
economy  of  nature,  for  without  this  aid  we  should  have  much 
difficulty  in  explaining  the  abuiulnnce  of  carbon  and  carbonic 
acid  now  locked  up  in  coal  deposits  and  limestones,  all  of  which 
have  clearly  been  produced  successively  on  the  earth's  surface. 
The  reason  why  extensive  tracts  of  carbonate  of  lime  have 
been  produced  at  one  time  nxore  than  at  another  is  not  quite 
so  apparent;  but  it  may  be  observed,  as  a  mere  conjecture, 
that  as  this  substance  is  not  very  unfreqiient  in  volcanic  re- 
gions, great  disriiplioiis  of  strata  may  have  prothiced  circum- 
stances favourable  for  its  deposition,  and  that  without  distur- 
Iwinces,  carbonate  of  liuie  may  have  been  thrown  upwards  in 
water,  through  fissures,  more  abundantly  at  one  time  than  at 
another,  from  causes  unknown  to  us.  It  is  worthy  of  attention 
that  when  the  limestones  occur,  then  also  do  the  organic  re- 
mains generally  become  more  abundant,  appearing  as  if  the 
calcareous  rocks  and  the  organic  remains  were  connected  with 
each  otiier.  That  the  animals,  by  secreting  carbonate  of  liin)e 
from  the  medium  in  which  they  lived,  sometimes  contributed 
considerably  to  the  mass,  we  are  certain,  as  their  remains  now 
constitute  a  large  portion  of  it ;  but  that  they  were  the  means 
through  which  uil  the  carbonate  of  lime  was  derived  from  the 
waters,  may  very  justly  be  doubted,  more  particularly  as  in 
certain  districts  not  a  trace  of  animal  exuviae  can  bo  detected 
in  such  limestones.  If  carbonate  of  lime  were  present  in  some 
situations  and  not  in  others,  animals,  such  as  the  Crhioidea, 
Testacea^  and  Pol-i/paria,  would  naturally  flourish  more  in  the 
former  than  in  the  latter,  as  they  could  tliere  more  readily  ob- 
tain the  lime  necessary  for  tlieiii,  and  we  should  consequently 
expect  to  find  their  remains  more  common  there  than  elsetvhere. 
In  limestones  devoid  cf  organic  remains  we  appear  to  have 
evidence  of  carbonate  of  lime  being  abundant  in  such  situations 
unconnected  with  animal  life,  anil  we  may  consider  it  derived 
from  the  interior  and  dispersed  through  the  waters  over  a  given 
space,  where  it  has  been  gradually  deposited.  When,  however, 
toe  remains  of  shells  and  corals  are  present,  and  neaily  con- 
stitute the  mass  of  the  rock,  other  causes  may  have  produced 
the  effects  required,  precisely  as  coral  reefs  and  accumulations 
of  shells  now  occur  in  one  place  and  not  in  another,  either  in 
consequence  of  shelter,  proximity  to  the  surface  of  the  sea,  or 
other  favourable  circumstances. 

Be  the  general  origin  of  the  grauwacke  limestones  what  it 
may,  the  causes  which  produced  them  were  destined  to  cease 
during  the  deposit  of  the  grauwacke  itself,  and  a  series  of  sand- 
K  2e  ^2 
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stones  and  slates,  siniilnr  for  the  most  pnrt  to  those  beneatli, 
were  aceumiiluletl  upon  ihem.  In  some  districts,  such  as  the 
North  of  Devon,  there  has  been  a  return  of  causes  favourable 
to  the  deposit  of  Hmestone,  and  two  bands  parallel  to  each 
other  hove  been  produced. 

In  other  districts  more  limestones  have  been  formed,  while 
in  some  they  are  nearly  absent;  a  slate  of  things  we  should 
expect  from  variations  produced  by  local  circumstances  on  si- 
milar general  causes  in  operation  ovci"  a  considerable  area. 

The  grauwacke  sometimes  assumes  a  red  colour  in  the  midst 
of  beds  of  the  usual  gray  and  brown  tints  (South  of  Devon, 
Pembrokeshire,  Normandy,  the  granwncke  district  of  the  Mo- 
selle, &c.),  and  is  then  undistinguishable  from  the  old  red 
santlstoneof  English  geologtsLs',  This  reil  colour  seems,  for 
the  most  part,  thie  to  liille  else  than  the  highly  oxidized  state 
of  the  iron  disseminated  through  the  rock.  In  the  red  grau- 
wacke the  iron  is  in  the  state  of  a  peroxide,  while  in  the  gray 
or  brown  grauwacke  it  is  combined  with  a  less  proportion  of 
oxygen.  This  change  of  colour  may  sometimes  be  seen  in  the 
vicinity  of  triip-rocks,  which  have  been  protruded  through 
the  grauwacke.  In  niany  cases  we  may  suppose  the  iron  con- 
laineil  in  the  grauwacke  to  have  acquired  an  additional  quan- 
tity of  oxygen,  converting  it  into  a  peroxide,  after  the  formaUou 
of  the  rock.  We  may  indeed  consider  the  red  tint  as  sometimes 
caused  by  heal,  from  observing  that  common  brown  grauwacke, 
when  kept  for  a  long  lime  at  a  heat  insufficient  to  fuse  it,  will 
become  red,  the  iron  having  acquired  additional  oxygen  from 
the  atmosphere.  It  will,  however,  be  obvious  lliat  the  rock 
when  heated  beneath  water  would  not  be  precisely  under  the 
same  conditions ;  and  we  must  be  careful  not  to  attribute  the 
occasional  red  colour  of  the  strata  under  consideration  solelv 
to  this  or  a  similar  cause,  for  it  will  be  clear  that  the  dissemi- 
nated iron  may  easily  have  been  in  a  stale  of  peroxide  from 
other  causes  before  such  red  grauwacke  was  deposited.  In- 
deed that  this  has  been  the  case  is  often  suflicieiitly  evident ; 
and  if  the  old  red  sandstone  be  included  in  this  group,  there 
can  be  little  doubt  that  the  iron,  during  the  deposit  of  the  up- 
per pnrtof  the  scries,  was  most  commonly  in  that  state. 

Beds  and  even  accumulations  of  strata  are  sometimes  min- 
gled with  die  common  grauwacke  and  grauwacke  slate,  which 


•  Tliis  circumstance  renders  the  determination  of  tho<ie  liniest.ints  o< 
Soufhern  Devrtnshire  which  are  nsuch  hrokeii  by  faults,  grcntly  distiiil  ■  I 
and  contorted,  or  nuich  concealed  by  supcrincmnbent  (new)  red  sMultitmifj, 
exceedingly  diliicult,  Tlie  dilticuUy  is  juirticularly  felt  in  die  vicinity  of 
Tor  Qtiny.  where,  however,  the  limestune*  of  the  soutliem  side  of  Tor  ~ 
wotdd  certainly  appear  to  he  indulged  in  tlie  grmiwacke  series,  as  is  sba 
by  coast  sections,  aud  their  prolongation  lo  the  Dart, 
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Ml  least  show  a  variation  in  the  mode  of  deposit.  Tlais,  lliiity 
slate,  sometimes  associated  in  this  series  (Uevonshiiv,  &c.),  is 
exceedingly  compact,  and,  as  its  name  implies,  is  piiiicipally 
composed  of  silica,  the  rock  having  much  the  appearance 
of  a  deposit  from  water  in  which  silica  was  chemically  dis- 
solved*. 

Associated  with  the  grauwacke,  more  particularly  in  iti 
older  portions,  we  often  find  beds  which,  in  niineralo«Tical 
coinpositiun,  precisely  resemble  certain  greenstones,  cnrncans, 
&c.,  known  I'rom  their  mode  of  occurrence  (o  be  ot  igneous 
origin.  These  associated  beds  do  not  cut  the  other  strata;  on 
the  contrary  they  are  clearly  included  in  them,  and  have  every 
appearance  of  being  interstralified.  After  a  course  ol^  per- 
haps, a  few  miles,  they  are  seen  to  terminate  on  cither  side, 
first  becoming  slaty;  at  least  this  frequently  takes  place. 
When  this  slaty  condition  arises,  the  rock  is  then  hec[uent.ly 
undistinguishable  from  hornblende  slates.  The  most  satisfac- 
tory moile  of  explaining  these  facts,  seems  that  proposed  by 
Prof.  Sedgwick  for  the  association  of  similar  rocks  with  the 
slates  of  Cnmberlanti.  He  considers  that  they  were  igneous 
rocks  ejected  during  the  time  that  such  slates  were  depositing. 
This  hypothesis  is  apjiiicable  to  certain  of  these  rocks  asso- 
ciated with  the  gi-auwacke  of  iSouthern  Devon.  But  care  must 
be  taken  to  distinguish  them  from  other  greenstones  and  por- 
phyries of  the  same  countr}',  which  occur  in  dykes  and  masses, 
and  wliich  have  clearly  been  ejected  at  a  much  more  recent 
epoch.  It  is  also  very  necessary  to  distinguish  them  I'rom  the 
altered  rocks  of  the  same  part  of  England,  as  Uiese  last  jire 
more  particularly  deceptive. 

Another  difficulty,  and  one  by  no  means  easy  to  surmount, 
attends  the  examination  of  such  included  beds,  or  apparent 
beds,  of  greenstone  and  porphyry.  If  a  mass  of  schistose  or 
stratified  rock,  such  as  grauwacke,  be  exposed  to  the  action 
of  a  disruptive  force,  such  mass  would  rend  in  the  parts  »)1 
leabt  resistance.  Now  the  lines  of  strati  tication  would  neces- 
sarily be  those  of  least  resistance,  and  hence  the  mass  would 
be  most  likely  to  part  in  those  lines,  permitting  the  injection 
of  igneous  rocks,  should  these  endeavour  to  escape  through 
the  fissures  of  the  grauwacke.  We  should  thus  have  fibular 
masses  of  greenstone,  porphyrics,^  and  other  i-ocks  <vt  that 
character  presenting  every  appearance  of  included  betls.  In- 
structive examples  of  such  deceptive  tabular  masses  are  well 
seen  in  Pembrokeshire  and  Devonshire,  as  they  can  fre- 
([Ueutly  be  traced  to  larger  masses  of  similar  rix'ks,  which 

•  nic  rcailcr  will  recnUnt  that  unJtr  the  lieail  of  Dcposils T«ini  Spiiigs, 
3iliecoii&  beds  wcic  iiuticod  lis  liuviug  bt*eu  ]>ioduced  by  deposition  frura 
nter«  in  IcetiUid  oud  the  Azores.  _ 


422 


Graumacke  Group. 


have  evidently  been  protruded  through  the  gmuwacke  after 

its  consolidation- 

Towards  the  lower  pnrt  of  the  grauwacke  group,  its  fossili- 
ferous  character  disappears,  and  the  presence  of  cr^'stalline 
rocks,  apparently  of  contemporaneous  origin,  becomes  more 
common.  This  change  varies  much  in  different  countries,  but 
in  general  the  slaty  rocks  gradually  prevail,  presenting  a  very 
great  lliickness  of  argillaceous  schists.  We  seem  to  have  ar- 
rived, in  the  descending  order,  at  a  state  of  the  world  when 
tliere  was  a  combination  of  those  causes  which  have  produced 
fossiliterous  and  non-fossiliferous  rocks.  That  there  should 
be  a  transition  or  passage,  even  effected  by  the  alternate  ope- 
ration of  particular  causes,  from  that  condition  of  the  world's 
surface  when  chemical  action  prevailed  to  that  when  mecha- 
nicul  action  became  more  abundant,  is  what  we  should  ex- 
pect,  since  it  is  in  accordance  with  our  knowledge  of  rock 
deposits  generally ;  for  we  observe,  however  sudden  certain 
changes  may  have  been  produced  iti  particular  situations,  that 
viewed  on  the  large  scale,  a  general  change  of  circumstances 
attending  rock  formations  has  been  more  or  less  gradual. 

Chlorite  states  are  not  unfre(|uenlly  associated  with  the  low- 
est portions  of  the  grauwacke  series.  I  have  often  observed 
this  to  commence  by  small  alternations  of  chlorhic  argillaceous 
slate  with  common  argillaceous  slate,  the  former  gradually 
becoming  niore  charged  with  chlorite.  There  are  often  also 
very  ambiguous  rocks,  to  which  it  is  exceedingly  diHicult  to 
assign  names,  as  tliey  are  constantly  varying  in  their  minera- 
logical  composition.  Their  general  character  is,  however, 
far  more  chemical  than  mechanical. 

The  study  of  this  part  of  our  subject  must  always  be  at- 
tended with  great  difficulty  \  for,  independently  of  the  tnixture 
of  chlorite,  talcose,  and  other  slates  with  the  lowest  fossili- 
ferous  deposits,  we  have  to  contend  with  the  presence  of  ig- 
neous rocks  injected  among  these  deposits  in  their  line  of  slra- 
tilicuiion,  producing,  as  before  observed,  the  most  deceptive 
appearances.  No  small  diJficulties  are  also  caused  by  the  al- 
teration of  strata,  arising  from  the  protrusion  of  granite  and 
other  igneous  rucks  among  them,  such  products  often  causing, 
when  the  masses  are  large,  very  remarkable  changes,  the  va- 
rious grauwacke  beds  assuming  tlie  appearance  of  a  great  va- 
riety o^  older  rocks.  Mica-slates,  gneiss,  and  hornblende 
rocks  are  often  thus  re-produced,  but  the  changes  so  effected 
are  limited  in  extent,  and  by  careful  examination  can  be  easily 
traced.  This  reproduction  of  gneiss,  mica-slate,  and  other 
rocks  of  the  same  kiiul, — to  account  for  which  nothing  can 
be  more  simple,  as  1  shall  have  occasion  to  show  elsewhere, — 
ba^i  given  rise,  I  am  informed,  to  the  hypoiliesis,  that  all  the 


:rystalline  and  non-fossiriferuuit  rocks  are  but  fos&ilirerous 
rocks  out  of  which  the  or^miJc  reiiuiiiis  liave  been  driven  by 
heiiL  I'liis  may  cerlainly  be  a  convenient  hypothesis  as  lur  as 
regards  a  particular  theory,  but  can  scarcely  be  seriously  en- 
tertained by  those  who  have  examined  any  of  those  vast  tracts 

^^^©f  the  true  inferior  or  non-fossihferous  rocks,  so  common  in 
various  parts  ot  the  world,  more  especially  with  res|>ect  to  the 
node  in  which  tlie  various  mineral  masses  occur. 

MM.  Brongiiiart and  Omalius  d'HaUoy  long  since  pointed 

mtthe  apparent  alternation  oi'  the  granitic  and  schistose  rocks 

)( the  Coteiitin  and  Brittany,  as  also  that  ilie  dejiosits  thus 

^sociated  with  the  granitic  compounds  were   fosstliferous  •. 

iThe  grauwacke  of  these  districts  certainty  appears  associated, 
lore  particularly  in  its  lower  parts^  with  rocks,  itie  mechani- 
nl  origin  of  which  is  lar  from  evident;  hut  while  studying 

^tlicm  we  must  be  on  our  guard  against  granite  veins,  and  other 
intrusions  of  the  same  rock,  which  are  aUo  observable  in  that 

(country.  Independently,  however,  of  decidedly  intruded 
Irocks,  there  are  associated  crystalline  rocks  which  render  il 
excet*dingly  ha/-arilous  to  affirm  where  the  series,  in  wliich 
confusedly  crystalline  compountls  [irevail,  may  comuieiice,  or 
iwhere  die  meclianical  and  Ibssiliferous  deposits  may  terminate. 
The  highty  indurated  sandstones  also,  wliicli  are  clenrly,^like 
those  of  South  Devon,  associated  with  the  fossilifennis  rocks 
of  Normandy,  so  jiass  into  quartz  rock,  that,  as  M.  Btong- 
niart  has  observed,  they  often  present  ihe  appearance  of  ha- 

tving  been  produced  by  confnscti  crystallization. 
The  following  is  a  sunnnary  of  the  various  organic  remains 
stated  to  liave  been  tietectetl  in  the  grauwacke  series ;  it  is 
necessarily  one  which  does  not  pretend  to  more  than  an  ap- 
proximation to  the  truth,  for  the  catalogue  on  which  it  is 
founded  will  no  doubt  receive  both  important  additions  and 
corrections ;  it  may,  however,  be  found  useful  as  allbrding  a 
nerai  view  of  the  subject. 

Planlcc. — Fuctndes,  2  species.  Calamites,  2.  Sphenopte- 
ris,  1.  Cyclopteris,  1.  Pecopleris,  1.  Sigillaria,  2.  Le- 
pidodendron,   1.     i>tigmaria,   1.     Asterophylliies,  1. 

Zoophyta. — Manon,  2.     Scyphia,  5.    Ti'agos,  2.     Gorgo- 

la,  2.     Stromatopora,  2.      Madrepora,   1.      MiHepora  ?  1. 

ellepora,    2.      lletepora,    iJ.      Flustra,    L     Cerio|M>ra,    6. 

auconome,    J.     Agaricia,    I.     Lithodendron,  3.     Caryo- 

Ityllia,  1.     Fungites,  2.     Anthophyllumj  I.     Turbinolia,  3. 

Cyathophylium,    20.     Strombodes,   I.     Astrea,  2.     Colum- 

Sarcinula,    3.     Coscinopora,    1.     Cateiiipora,   3. 

*  Jouirnal  des  Mines,  U  xxxv.;  1814. 
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Syrin^opora,  4r.     Calamopora,  9.     Aulopora,  5.     Favc 
6.     Mastrenia,  1.     Amplcxus,  1.     Pleurodyctium,    1.     Ci 
clolites,  1. 

Jtfidiaria.— Apiocrmhes?  2.     Pentremites,   1.     Pentacr 
nites,  1.     Actiiiocrinites,  7.      Cyathocrinites^  4-.      Platycrti 
nites,  4.     Rhodocrinites,  5.     Melocriniies,  2.     Cupress 
nttes,  3.     Eugeniacriuites,  1.      Eucalypiocrioites,  1.     Sphi 
ronites,  4. 

Attnulata. — Serpuia,  5. 

Conchifera. — ThecJdea  ?    1.      Pentamerus,    2.       Gypidil 
(Pentameriis?)  :J.     Spirifer,  or  Deltliyris,  41.     Terebrati 
31.     SiryjTocepIialus,  3.      Calceola,  1.     Airypa,  14.     Pr 
ducta,  or  Lepta.-na,  22.    Orbicula,  1.    Crania,].     Gryphf 
1.     Pecten,  5.     Plagiostoma,  1.     Inoceranius,   1.     Avicul 

1.  Pterinea,  9.     Poiiodonia,  1.    Area,  1-     Nucula,  5.     Ti 
gonia,  2.     Megalodon,  1,     Modiola,  3.     Mytilus,  1.     Cr 
satelJaj  I.     Cardium,  9.     Carditn,  4.     Isocardia,  2.     Veni 
rlcardium,  1.     Luciiia,  3.     Cyprina,  1.     Corbula,   1. 
there,  8.     Sanguiriolaria,  8.     Pholadomya,  1. 

Mollusca. — Patella,  5.      Pileopsis,  S.      Melania,   1.     Na 
tica,   1.     Nerita,  2.     Delpliiiiula,  5.     Cirrus,  I.     Pleuroto- 
maria,  I.   Euomphaius,  16.  Trochiis,  6>   IlotcUa,  1.    Turbq^H 

2.  Turritello,  7.     PEeurotonia,  1.     Murex?  1.     Buccinuiq| 
5.     Phasianellu,  3.     Bellerophon,  9.     Coiiiilariu,  3.    Ortho- 
ceralites,  30.      Cyrtoceratites,  6.      Spirula,  7.     Liluites, 
Nautilus,  9.     Ammoniles,  15.     Aptycbus,  2. 

Crustacea. — Calyraene,  17.  Asaph  us,  21,  Ogj'gia, 
Paradoxides,  9.  Nileus,  2.  lita^nus,  3.  Aznpyx, 
Agnostus,   L     Isotclus,  2. 

Pisces. —  At  least  1  genus,  and  2  or  3  species. 

Thus  making:  PlatUee,  9  genera,  12  species.  Zoophtft 
33  genera,  98  species.  Radiariaj  12  genera,  35  specii 
Anntdakt,  1  genus,  5  species.  Conchifera^  35  genera,  Ij 
species.  Mollusca,  26  genera,  1^4  species.  Crustacea^ 
genera,  60  species.  Pisces,  I  genus,  2  species. — Total,  126 
genera,  547  species. 

From  the  above  it  would  appear  that  the  grauwacke  seri 
contains  a  mixture  of  genera  inhabiting  the  seas  and  oceans  of 
the  present  day,  and  of  others  which  are  not  now  known.  It 
may  be  doubtful  how  (jir  all  the  genera  have  been  correctly 
deter minetl ;  for  possibly  some  of  them  may  have  been  rather 
hastily  referred  to  those  now  existing,  while  others  may  have 
been  considered  extinct  without  sufficient  evidence.  But,  ad- 
milting  these  sources  of  error,  some  genera  are  certainly,  as 
far  as  our  actual  knowledge  extends,  extinct,  while  others  do 
not  difler  from  those  now  existing.  This  catalogue  also  shows 
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at  the  early  epoch  when  the  grauwacke  was  prcM!uceil, 
there  was  not  lli.-it  poverty  of  organic  structure  which  was 
once  ^jupposecI. 

I  From  the  various  forms  of  the  fossils  imhedded  in  the  grau- 
wacke, we  may  infer  that  the  animals,  of  which  they  consti- 
tuted the  solid  parts,  occupied  situations  as  different  as  those 
of  the  present  day  ;  some  preferring  deep  waters,  while  others 
were  fitted  for  shallow  seas,  and  not  a  few  swam  freely  in  the 
open  ocean  ;  certain  creatures  fre([tienting  one  kind  of  hottom, 
while  others  sought  another  of  a  diirerent  description.  The 
most  abundant  shells  belong  to  the  genera  OrthocejuiiteSy 
Producing  Spir(/cr,  and   Terebratula.     The  former  often  at- 

Itain  a  large  size,  even  reaching  a  yard  or  more  in  length ;  so 
that  if  they  really  once  constituted  a  part  of  swimming  mol- 
lusca,  analogous  to  the  Nautilus  of  the  present  day,  some 
of  such  creatures  must  have  far  exceeded  the  size  of  the 
animals  of  that  kind  now  known  to  us-  The  three  latter 
most  abundant  genera  constitute  a  natural  group,  which  the 
Swedish  naturalists  have  arranged  under  the  heads  of  Lep- 
ttena  {Producia),  Orthis^  Ci/rfia,  Ddthyris  [SpiriJ'er),  Gy- 
pidioy  Atrypa^  libtpichoray  and  Tercbratrdn  ;   the  characters 

» being  considered  sucli  as  to  justify  the  formation  of  the  ge- 
nera. Supposing  this  arrangement  to  be  well  foun<ied,  it 
would  appear  from  the  lists  of  those  who  have  proposed  it, 
that  Tei'dtrotnUv  are  rare  in  the  older  rocks,  such  as  those 
under  consideration,  while  they  are  abundant  in  the  newer 
strata. 

Producta:  are,  as  has  been  seen,  common  in  this  and  tlie 
carboniferous  groups,  and  existed  during  the  deposit  of  the 
zechstein.  Spirifers,  which  also  abounded  during  the  depo- 
sit of  tlje  grauwacke  and  carboniferous  series,  have  been  ob- 
served as  high  up  as  the  lias,  where  thrL^e  species  of  the  genus 
Spirifer  have  been  detected,  one  {Spiri/er  IValcotii)  being  a 
very  common  and  cliaracteristic  shell.  The  Terebratula?, 
which,  even  admitting  the  Swedish  divisions,  are  found  in 
tlie  preceding  series,  if  not  iti  the  higher  part  of  this,  extend 
upwards  to  tlie  jiresent  day,  many  sjiecies  being  now  known. 
Taking,  therefoie,  this  natural  group  us  it  existed  at  this 
early  period,  in  which  we  should  probably  include  the  car- 
boniferous limestone,  and  tracing  it  upwards  through  the  va- 
rious rocks,  we  find  tliat  the  Products  first  disappeared,  and 
then  the  Spirifers,  while  the  Terebratula?  have  been  preserved 
through  all  the  changes  which  have  taken  place  on  the  surface 

'^m  of  our  planet. 

■  The  family  of  the  Trilobites  was  one,  the  individuals  of 
which  rnu.st  have  swarmed  in  particular  places  tlurlng  the 
deposit  of  the  grauwacke.      lu  bume  parts  of  Wales  the 
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Fig.  109. 


Asaphiis  Dc6itc/ni{V\fr.  108.)  is  so  abun> 
tliiiil  tl)«t  the  Janiina>  of  the  slates  are 
chnrgetE  with  titem,  so  that  millions  have 
probably  lived  and  died  not  far  distant 
from  those  places  where  we  now  discover 
their  remains.    This  species  has  not  been 
confined  to  Wales,  though  it  is  there  very 
abundant,  but  h:i.s  also  been  discovered 
ill  Norway  and  Germany.     The  Trilo- 
bile  long  known  in  niuseums  as  the  Dud- 
ley Trilobite,  because  found  so  commonly 
at  tliat  place,  is  the  Calt/mene  Blumeri' 
bachii  of  M.  Al.  Brontrniart  (Fig.  109.)- 
This  species  existed  over  a  considerable  area,  having  not  onl 
l>een  discovered  in  England,  tiermany,  and  Sweden,  but  a[ 
itt  North  America.      Although   many  parts 
of  these  creatures  are  found  distributed  in 
such  a  manner  that  we  may  conclude  they 
were  sejiarated  by  decomposition  after  llie 
tlealh  of  tiic  animal,  the  perfect  preservation 
ofotliers,  and  their  frequent  contracted  at- 
titudes, such  as  we  should  expect  creatures 
of  this  structure  to  assume  when  disturbed, 
would  lead  us  to  conjecture  that  they  had 
been  often  suddenly  destroyed,  and  as   sud- 
denly envelopt'tl  in  that  matter  whicli  subse- 
<|uent]y  became  liard  rock;  thus  preventing 
the  separation  of  tlie  harder  pai'ts  by  decom- 
position.    The  forms  of  the  Trilobite  family  vary  more  con- 
siderably than  might  be  supposed  from  the  Asaphtis  and  Caly- 
mene  represented  above,  as  will  be  seen  by  the  annexctt  6gure 
of  A<^noshts  pistyhrmiSf  Fig.  1 1 0.  being  the  natural 
size  of  the  animal,  and  Fig.  HI.  a  mngniJfied  re- 
presentation of  it.      The  Trilobite  family  seem 
now  to   have  entirely   tlisappeared   from    among 
existing  animals;  and  we  may  perluips  venture  to 
infer,  (rom  our  present  information  respecting  or-    Fig.  Ill, 
ganic  remains,  that  it  became  extinct  before  the 
ProducUr;  and  we  are  iicarty  certain  it  ceased  to 
exist  long  before  the  Sp infers,  li:>r  neither  in  the 
niuschelkalk  nor  in  the  lias  has  the  smallest  trace 
ot  them  ever  been  detected. 

Unlike  the  Trilobites,  the  Crinoidea  common  in  this  earl 
period  are  continued  up  to  the  present  day,  though  many  ge- 
nera observed  in  the  grauwacke  series  and  in  the  carbonilerous 
group  seem  to  have  disappeareil  previous  to  the  deposit  of  the 
oolitic  series,  whcu  other  genera  were  called  into  existence 
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IfThe  genus   Pentacrinitcs  being,  according  to  M.  GolJfuss^. 

fuuiul  in  the  rocks  under  consideration,  and  being  well  knowrt 

in  the  present  seas»  this  genus  has  also  survived   the  various 

langes  that  have  taken  place  on  the  earth's  surface. 

The  discovery  of  the  defensive  fin  bones,  named  Ichthyo- 

iorulites,  in  the  grauwacke  series  is  worthy  of  attention,  as  it 

[bIiows  that  the  class  of  animals  to  which  the}'  belong  was 

[among  the  earliest  inhabitants  of  the  globe,  and  that  it  con- 

[tinued  to  exist  over  what  now  constitutes  Europe,  up  to  the 
cretaceous  rocks  inclusive^  though  differing  in  species,,  jls  far 
Bt  least  as  we  can  judge  from  the  various  lorms  of  the  bones. 
The  Ichthyodorulites  are  usuuliy  accompanied  by  palates; 

,  thesie  latter  have  not  yet  been  detected  in  the  grauwacke. 

I      Among  the  corals  will  be  found  several  genera  now  existing; 

land  it  deserves  notice,  that  throughout  the  series  of  fossilite* 
Tous  rocks,  wherever  there  is  an  accumulation  of  polypifers, 
such  as  would  justify  the  supposition  of  coral  banks  or  reefs, 

ithe  genera  Astren  and  Caryophyllia  are  present, — genera 
whicli,  according  to  the  more  recent  observations  of  natural- 
ists, in  addition  to  Meandrina  and  one  or  two  others,  are  the 
principal  architects  of  coral  reefs  at  the  present  day. 
Our  knowledge  of  the  kind  of  vegetation  existing  at,  and 
entombed  during,  the  epoch  of  the  grauwacke  group,  is  in- 
sufficient to  warrant  any  general  conclusions  respecting  it, 
•  further  than  it  was  probably  much  the  same  as  that,  the  re- 
mains of  which  are  abundantly  preserved  in  the  carboniferous 
series.  Anthracite  has  been  long  known  in  the  grauwacke 
of  North  Devon,  and  may  have  been  derived  from  the  re- 
mains of  vegetables.  Where  there  are  vegetables  entombed 
in  rocks  we  may  expect  to  find  accumulations  of  them,  and 
there  seems  no  good  reason  why  grauwacke  should  not  con- 
tain its  coal-beds  as  well  as  other  great  deposits.  It  will  have 
been  observed  that  all  the  fossiliferous  groups  of  rocks  have 
their  accumulations  of  vegetable  matter  in  some  part  or  other 
of  the  areas  resjiectively  occupied  by  themi  In  Europe  these 
accumuhitioiis  have  been  more  abundant  in  our  carboniferous 
group  than  at  any  other  time,  more  especially  in  the  mass  of 
sandstones  and  shales  thence  named  the  Coal-measures  ;  but  it 
by  no  means  follows  that  tliis  should  have  been  the  case  as  re- 
gards the  whole  sin-face  of  the  world.  On  the  contrary,  all 
analogy  with  other  rock  dejiosits  would  lead  us  to  infer  that 
the  coal-mcasuies  would  have  their  equivalent  marine  depo- 
sits, in  which,  if  terrestrial  plants  occurred  at  all,  tliey  would 
be  found  merely  scattered  here  and  there,  as  they  aie  in  other 
rocks  abounding  in  marine  remains,  and  hence  termed  Ma- 
rine tleposits. 

M.  Eiie  de  Beaumont  observes  that  the  grauwacke  rocks 
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of  the  Bocage  (Cahados),  and  olllie  south-eastern  angle 
the  Vosges,  contaiji  vegetable  impressions  differing  but  lilt: 
from  those  discovered  in  the  coal-measures,  as  also  antbraci 
sometimes  worked  for  profitable  purposes  *.  According  to 
VoltZ}  certain  aniliracitic  rocks  <>(  Baden  are  oftliis  age;  aiu 
M.  V^jrlet  refers  the  coal  of  St,  Georges  Chatelaison  to 
grauwacke  series  f.  Mr.  Weaver  considers  that  all  the  coi 
in  the  province  of  Munster,  excepting  that  in  the  county 
Clare,  is  of  this  age.  lie  states  that  thin  beds  of  anthracit 
inclined  at  various  angles  from  70"  to  verticalilj)  are  includ 
in  the  grauwacke  at  Knucknsurtnel,  near  Killarney)  and  ( 
the  north  of  Tralee.  Mr.  Weaver  further  remarks  tliat  th 
old  coal  is  more  developed  in  the  county  of  Cork,  particularl; 
at  Kanturk,  and  that  large  quantities  of  it  are  annually  rai: 
at  Dronagh  collieries.  He  also  enumerates  betls  in  tlie  coun 
of  Limerick,  on  the  left  bank  of  tlie  Shannon,  north  of  Abbey- 
feale  and  at  Longhill.  The  remains  ol' plants,  described 
chiefly  those  of  Equisda^  and  Calamitcs^  with  some  indl 
lions  of  Fucoidt'Sf  are  staled  to  be  common  J. 

Assuming  the  foregoing  observations  to  be  correct,  we  ol 
tain  evidence  that  the  accunmlation  of  vejjetables  suflicient  t 
produce  beds  oi"  antlwacitic  coal  conunenced  at  the  ejKKrh 
tiie  grauwacke  in   Europe.     Prof.   Eaton  states  that  anlhr; 
cite  is  found  in  an   equivalent  deposit  in   America  (Wo; 
cester,  and  Newport)  §.      If  the  relative  age  of  these  lat 
rocks  be  also  correctly  determined,  it  proves  the  existence 
dry  land,  at  dtfl'urent  distant  pointii,  with  vegetation  upon  I 
contemporaneously,  or  nearly  so,  with  the  first  appearance 
animal  life. 

Although  when  we  regard  the  mass  of  the  grauwacke  roc" 
we  are  struck  with  the  minute  proportion  that  organic  remaini 
bear  to  the  whole,  we  must  stilt  perceive  that  the  atmosphere 
was  capable  of  supporting  vegetation,  and  the  seas  of  sus- 
taining zoophytes,  crinoiclea,  annulata,  conchifera,  mollusc 
Crustacea,  and  fisih.  What  other  creatures  existed  we  a 
unable,  from  the  absence  of  their  reujains,  to  judge:  it  ma^ 
however  be  by  no  means  unphiluso|)liicul  to  conclude  that  ve« 
gelation  did  not  exist  alone  on  dry  land,  but  that,  consistenUy 
with  the  general  harmony  of  nature,  it  atlbrded  food  to  ter- 
restrial creatures  suited  to  the  circumstances  under  which  tliej 
were  placed. 

•  Elii?  de  Beaumont,  Researches  nn  some  nf  the  Revolutions  which  Lave 
taken  place  on  thu  Surfiice  of  tlie  Globe ;  Phil.  Mag,  luiJ  Annals,  vol.  x. 
p.  2 17. 

f  Btillciiti  de  la  Soc.  Q€ol,  dc  France,  L  tii. 

I  Weaver,  Proceedings  of  the  Geological  Society,  Jiuic  4,  1830. 

I  Caloa,  Americiui  Joiu-xuil  of  Science,  vol,  six. 
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To  descrilie  the  precise  limits  of  the  Ibssitiferoiis  ileposits, 
and  draw  line  Jincs  uf  distinction  between  tliein  find  tltc  noii- 
fossilii'crous  rocks,  is  obviously  iinpossibie.  We  can  only  in- 
fer that  the  remuins  ot"  organic  Hie  were  generally  entombed 
in  deposits  of  mechanical  origin,  as  well  at  lhi!»  early  periud 
•s  subsequent  to  it.  Respecting  the  abundance  and  different 
Structures  of  the  animals  first  called  into  existence,  we  shall 
never  perhaps  have  any  definite  ideas;  for  the  preservation  ot\ 
any  portion  of  their  more  solid  parts  must  always  have  de- 
pended on  a  great  variety  of  circumstances,  not  likely  to  have 
been  most  favourable  during  a  state  of  things,  in  which  a 
change  was  effected  from  the  iormalion  of  sucli  rocks  as  gneiss, 
mica-slate,  and  others  of  die  same  description,  to  the  deposit 
of  those  evidently  of  mechanical  origin. 

Whatever  the  kind  of  animal  life  may  have  been  which  first 
appeared  on  the  surface  of  our  planet,  we  may  l>e  certain  that 
It  was  consistent  with  the  wisdom  and  design  which  has  always 
•prevailed  throughout  nature^  and  that  each  creature  was  pe- 
culiarly ada]»ted  to  that  situation  destined  to  be  occupied  by 
it.  Bearing  therefore  in  mind  this  general  adaptation  of  ani- 
mals to  the  circumstonces  under  which  they  are  placed,  we 
may  be  led  so  far  to  speculate  at  tliis  early  condition  of  life, 
fis  to  inquire,  what  kind  of  creatures,  judging  from  the  gene- 
ral character  of  those  known  to  us,  might  flourish  at  a  period 
when  there  might  have  been  a  comparative  difhculty  in  pro- 
curing carbonate  of  lime  for  their  solid  parts.  It  will  be  ob- 
vious that  fleshy  and  gelatinous  creatures,  such  Jis  Mcdusit 
and  other  animals  of  the  like  kind,  might  have  abounded,  as 
far  as  regartls  a  comparative  scarcity  of  this  substance.  Hence 
it  would  be  possible  to  have  the  seas  swarming  with  these  and 
similar  animals,  while  testaceous  creatures  and  others  with 
solid  parts  were  rare. 

These  remarks  are  merely  intended  to  show,  that  the  scar- 
city of  organic  remains  observed  in  the  lowest  part  of  the  grau- 
wacke  by  no  means  proves  a  scarcity  of  animal  life  at  the  same 
period,  though  from  it  we  may  inier  that  testaceous  and  other 
animals  with  solid  parts  were  not  abundant.  Mere  fleshy  crea- 
tures may  have  existed  in  myriads  without  a  trace  of  them 
having  been  transmitted  to  us.  In  proof  of  this,  if  any  were 
requisite,  we  may  inquire  what  portion  of  those  myriads  of 
fleshy  anioials,  which  now  swanu  in  some  seas,  could  be 
transmitted,  as  organic  remains,  to  future  ages  *. 


*  Dr.  Tijrnpr  luis  suggpsted  to  mp,  that  under  (his  supposition  of  an 
abundancL-  of  Medina^  or  of  aimtngwis  creuliireB  among  ihi*  early  inhabit- 
ants of  our  gloW,  we  may  perhaps  iiccount  for  tlie  bituminous  nature  nf 
»ome  of  the  earlier  limestones,  more  particularly  of  ibc  carboniferous  scrit», 
in  which  not  a  trace  of  solid  organic  remains  can  be  obaerred;  for  the  de- 
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It  mny  be  remarket?,  while  on  ihis  subject,  that  thoii: 
extensive  distribuUnii  (if  cnrbtmule  of  lime  is  essential  to 
great  variety  of  animals,  it  is  surprising  liow  little  may  supj 
the  wants  of  some,  even  those  with  vertebnr,  such  as  sharl 
and  cartilaginous  fish  generally.  To  consider  that  there  may 
have  been  some  connexion  between  the  animals  with  soli' 
parts  and  a  facility  of  procurin^j  carbonate  of  lime  on  the  su; 
lace  of  the  globe,  appears  perfectly  consistent  with  the  desi 
manifested  in  the  creation,  because  it  assumes  such  design 
all  periods,  and  constant  harmony  between  the  forms  of  cr 
tures  and  tlieir  mode  of  existence.  If  we  imagine  a  mass 
animals  to  be  suddenly  called  into  life,  each  properly  p 
vided  with  its  solid  parts,  the  carbonate  of  lime  contained 
their  bodies  would  no  doubt  be  sufficient  for  a  constant  qu 
tity  of  the  same  animal  life  during  a  succession  of  ages;  fol 
by  devouring  each  other,  this  necessary  substance  would 
transmitted  from  one  crenttire  to  another.  We  are  howe 
certain  that  this  has  not  been  the  case ;  for  the  solid  parts 
animals  which  have  been  successively  irabeddetl  in  various 
rocks,  constitute  a  very  large  proportion  of  certain  of  th 
rocks,  and  if  withdrawn  from  the  fossiliferous  deposits  gen 
rally,  would  very  considerably  diminish  their  thickness.  The: 
fore  if  the  exuvia' of  animals  had  not  been  entombed,  and 
the  supply  of  carbonate  of  lime  had  not  been  greater  than 
that  which  could  have  been  derived  from  the  mere  destruc- 
tion of  one  animal  by  another,  for  the  purpose  of  food,  the 
surface  of  our  planet  would  not  have  been  what  it  now  is ; 
consef]uently,  the  fitness  of  things  for  the  end  proposed  bei 
constant  in  creation,  the  general  condition  of  animal  and  \ 
getable  life  would  not  have  been  such  as  we  now  find  it. 

From  the  advance  of  Geology,  many  districts  which  wi 
formerly  considered  as  composed  of  grauwacke,  are  now 
ferred  to  less  ancient  deposits,  and  consequently  the  surface 
occupied  by  grauwacke  is  much  less  extensive  than  was  for- 
merly supposed.  Thus  large  poi'lions  of  the  Alps  and  Italy 
have  been  deprived  of  their  supposed  antiquity,  which  had 
been  founded  on  the  mineralogical  structure  of  the  deposits. 

The  grauwacke  group  occurs  in  Norway,  Sweden,  n 
Russia.  It  forms  a  portion  of  southern  Scotland,  whence 
ranges,  with  breaks,  as  far  as  regards  the  surface,  forme*!  by 
newer  deposits  or  the  sea^  down  western  England  and  WaleSt 
into  Normandy  and  Brittany.  It  appears  abundantly  in  Ir^ 
land,    A  large  mass  of  it  is  exposed  in  the  district  constituting 


composition  of  a  masa  of  such  creatures  would  produce  much  bitumiaou* 
matter,  wUicii  may  have  entered  largely  into  the  comjxnitioa  of  liineitcnis 
tUen  fonuing. 


the  Ardennes,  the  Etfel,  and  die  Taunus.  Another  mass 
forms  a  large  portion  of  tl)e  Hartz  nioiiiUainSj,  while  smaller 
patches  emerge  in  other  parts  of  Germany,  on  the  north  of 
Magdeburg,  and  other  places.  In  all  these  situations  there 
is,  notwJthsfanding  small  variations,,  a  general  and  prevailing 
mineralogictti  character,  which  points  to  a  common  mode  of 
formation  over  a  considerable  area.  From  all  the  accounts 
which  have  been  presented  to  us  by  Dr.  Bigsby  and  the  Ame- 
rican geologists,  we  have  every  reason  lo  consider  that  a  de- 
posit closely  agreeing  in  relative  antiquity,  and  in  its  general 
mineralogical  and  zoological  characters,  exists  extensively  in 
North  America  :  so  that  tliere  is  evidence  to  show  that  some 
general  causes  were  in  operation  during  the  same  epoch  over 
a  large  portion  of  the  northern  hemisphere,  and  that  the  re- 
sult was  the  production  of  a  thick  and  extensive  deposit  enve- 
loping animals  of  similar  organic  structure  over  a  consider- 
able surface  *. 

•  It  was  considerpd  useless  to  present  a  long  detail  of  the  exact  areaB  oc- 
cupied by  the  grauwacke  rocks,  as  the  reader  will  comprehi'nd  more  bv  a 
single  glance  at  good  gt-tilogical  maps  of  any  given  country, — such  us  Green- 
ough's  Map  of  tnglaiuJ,,  HolFmauti's  North-western  Gernmiiy,  Oeyuhausen, 
La  Roihe,  and  Von  Deehens  Couutriea  near  the  Rhine,  and  I3e  Beau- 
montx  wid  Dufrenoy's  France, — than  by  latig  and  tedious  descriptions. 
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Section  X. 

INFERIOR  STRATIFIED  OR  NON-FOSSILIFl 
ROUS  ROCKS. 


Syn. — Clay  slate  {Schiite  ArgiUeujc,  Fr.  ;  Phyllade,  Daubuissoa; 
tehieftr,  Germ.),  Aluminous  slate  {Ainpelite  Jluntineux,  Brong.  Sehu 
jiiumiueux,  Fr. ;  Atanntchitfer,  Germ.).  Wheutone  slate  {Schute 
ticule,  Brong. ;  Wetuchitfet,  Gt^rm.).  Flinty  slate  {Schuile  titice 
Fr. ;  Jaspe  Schistoide,  Brong.;  KieieUchiefer,  Germ.).  Chluiite 
{SchUte  Chloritttut,  Fr. ;  Chlorittcluefer,  Germ.).  Talcoise  slate  {Schi^ 
Talr/neuT,  Fr. ;  Talksthlefer,  Germ.).  Steachist.  Hornblende 
(Amphibulite  Schii>toidi\  Fr. ;  Ilomblcndschiefer,  Genu.).  Murnblends 
rock  (AmphibolUe,  DBubuis&oii).  Quartz  rock  (QuarltiU,  Broag^ 
QuarzfeU,  Germ.).  Scrpuutiue  {Op/tiulite,  Brong. ;  Serpentin,  Gern 
Diallagy  rock  {Euphotidr,  Hnuy  ;  SchilUr/eU,  Genu.),  Whitesto 
(liiirite,  Daubuisson  ;  Weisslein,  Germ.).  Mica  slate  (Schute  Mica 
AficaxcJiitU,  Fr.  ;  Glimmenchirfer,  Germ.).  Gneiss  (Gneitt, 
Gneiut,  Germ.).     Protogiuc. 

We  have  now  arrived  at  that  earSy  condition  of  our  pi; 
when,  :is  far  as  our  knowledge  extends,  neither  animal  nor 
vegetable  life  existed  on  its  surface.  Tlie  student^  instead  of 
wandering  in  imagination  amid  loresls  and  over  lands  and 
seas,  surrounded  by  strange  vegetables  and  still  stranger  ani- 
mals, should  now  direct  his  attention  to  those  laws  which  go- 
vern inorganic  matter.  This  may  not  at  first  sight  be  so  at- 
tractive as  the  conltMn|ilation  of  the  varied  forms  of  orgajiic 
life  and  tlie  probable  conditions  under  which  it  may  have  ex- 
isted; but  it  win  nevertheless  be  found  equally,  if  not  more 
delightful,  as  the  inquirer  obtains  more  certain  results,  from 
the  investigation  being  conductetl  through  the  metlium  of  the 
exact  sciences. 

It  must,  on  the  outset,  be  confessed  that  little  has  yet  been 
acconipltshed  respecting  the  causes  which  may  have  produced 
gneiss,  mica-slate,  and  other  rocks  of  the  same  character. 
Names  of  the  various  compound  and  confusedly  crystalline 
rocks  we  have  in  abundance,  and  if  tlie  investigation  required 
no  other  aid  we  might  sil  down  satisfied  ;  but  unfortunately 
the  abundance  of  these  names  has  confused  the  subject,  and 
the  student  has  more  fretjuently  contented  himself  with  ar- 
ranging and  disarranging  particular  mineral  compounds  in  a 
cabinet,  than  in  investigating  their  general  rchitions  to  eac 
other,  and  the  occurrtiice  of  the  whole  in  the  mass. 

It  will  readily  be  admitted,  that  the  difficulty  of  the  sut 
considerable,  requiring  no  :>niall  insight  ii 
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exact  sciences;  but  the  subject  being  dilBcult  would  seem  a 
good  reason  why  the  more  advanced  cultivators  of  those  sci- 
ences should  attack  it»  offering  as  it  docs  such  an  ample  field 
for  the  exertion  of  llieir  abilities. 

The  inferior  stratified  rocks  are  of  various  compositions, 

■sometimes  so  passing  into  each  other,  that  it  is  almost  impos- 
sible to  affix  definite  names  to  the  diiferciil  mixtures.  The 
strata  rarely  present  a  simple  mineral  substance  constituting 
a  large  tract  of  country,  without  the  atlmixture  of  other  sub- 
stances, unless  we  consider  ctay  slate  as  such.  Before  Itow- 
Pever  we  proceed  further,  the  student  should  become  acquainted 
with  the  following  rocks,  which  more  particularly  appear  to 
deserve  distinguishing  names. 


Argillaceous  or  Claj/  Slate. 


I     Tins  rock,  as  its  name  implies,  is  schistose,  and  contains  a 
considerable  portion  of  argillaceous  matter.     It  varies  mate- 
rially as  to  induration,  (issility>  and  composition ;  nnti  ts  com- 
mordy  undtstinguislmble,  except  in  its  geological  relations,  from 
the  argillaceous  states  of  the  grauwacke  series,     lis  origin 
[therefore  becomes  very  ambiguous,  and  is  not  the  less  so  I'rom 
boften  containing  cubical  and  other  regularly  formed  crystals  of 
liron  pyrites,  affording  evidence  that  the  rock  was  once  in  the 
■condition  to  permit  the  free  arrangement  of  sulphuret  oF  iron 
into  crystals, — a  fact  observable  in  the  argillaceous  deposits  of 
ill  ages,  some  decidedly  of  mechanical  origin :   therefore  we 
lave  no  direct  evidence  to  show  that  the  argillaceous  slates  of 
[tliis  epoch  may  not  also  have  been  mechanically  produced  ;  for 
[the  Oneness  oJ* grain  will  by  no  means  assist  us,  the  texture  of 
khe  roofing  slates  obtained  from  the  grauwacke  series  being 
[altogether  as  fine  as  that  of  the  argillaceous  slates  associated 
[with  the  mica  slate,  or  gneiss.     Like,  also,  the  argillaceous 
[slates  of  the  same  series,  the  lines  of  cleavage  are  u'et|uei)tly 
[not  the  same  with  those  which  appear  to  be  lines  of  stratifica- 
[tion,  but  meet  them  at  various  angles.     Argillaceous  schist 
{passes  into  chlorite  slate,  talcose  slate,  and  other  rocks,  by 

Sadually  acquiring  particular  minerals,  which  finally  replace 
e  matter  of  the  argillaceous  slate. 


Chlorite  Slate. 


^B     This  is  by  no  means  an  unfrcquenl  associate  of  live  preceding, 

^^into  which  it  passes  on  the  one  hand,  while  it  graduates  into 

mica  state,  &c.  on  the  other.     It  is  of  course  essentially  com- 

pose<l  of  chlorite,  which  occurs  alone  or  mixed  with  quartz, 

ieisoar^  hornblende  or  micit,  in  various  proportions. 
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Talcose  Slate. 


This  is  also  a  rock  into  which  nrgillaccouf:  slate  graduates, 
at  first  acquiring  a  few  plates  of  talc,  and  afterwards  becoming 
replaced  by  that  mineral,  generally  associated  with  quartz,  or 
(]uarlz  and  felspar.  There  is  not  unfrequently  a  transition 
from  tliis  rock  into  mica  slate. 


Quartz  Bock. 

Quartz  rock,  as  has  been  observed  by  Dr.  MaccuUocb, 
when  viewed  on  the  large  scale,  so  that  the  grauwacke  series 
be  included,  sometimes  appears  of  chemical,  at  others  of  me- 
chanical origin.  We  should,  however,  carefully  separate  the 
quartz  rock  which  occurs  in  the  grauwacke  series,  from  that 
associated  with  die  rocks  under  consideration.  That  it  should 
possess  an  arenaceous  character  in  the  former  case,  would  be 
in  accordance  with  the  structure  of  grauwacke  generally,  tliough 
1  would  be  far  from  stating  that  some  of  the  grauwacke  quartz 
rocks  may  not  have  been  chemicaKy  produced.  The  quartz 
rocks  usually  interstratified  with  gneiss,  mica  slate,  Sic.  are 
commonly  either  granular,  or  resemble  common  quartz.  As  it 
is  a  subject  of  much  interest  to  determine  if  they  really  present 
marks  of  mecluinjcal  origin  when  associated  with  the  true 
non-fossiliferous  rocks,  and  not  those  which  may  appear  sucli 
from  alteration,  quartz  rocks  should  be  very  carefully  examined, 
for  there  is  much  reason  to  believe  that  some  of  the  quartz  rodis 
stated  to  occur  among  the  inferior  rocks,  are  really  not  so  as- 
sociated. The  quartz  rocks,  intermingled  with  mica  slate  and 
gneiss,  are  observed  to  pass  into  both  those  rocks,  by  acquiring 
mica  in  the  one  case  and  mica  and  felspar  in  the  other.  This 
rock  often  occupies  extensive  areas.  It  is  well  known  in  Scot- 
land and  its  ii^les;  and  according  to  MM.  Humboldt  and 
Eschwege,  it  is  of  an  extent  and  thickness  in  the  Cordilleras 
of  the  Andes  and  in  Brazil,  far  exceeding  what  we  are  ac- 
quainted with  in  Europe.  Some  of  these  Brazilian  rocks  are 
auriferous,  and  M.  Eschwege  attributes  the  auriferous  and 
platiniferous  deposits  of  that  country  to  their  decomposition  or 
destruction. 

Hornblende  Rock  and  Slate. 

Under  this  head  are  included,  following  the  suggestions  of 
Dr.  Macculloch,  all  those  compounds,  clearly  coniempora^ 
neons  with  the  rocks  among  which  they  occur,  of  which  horn- 
blende constitutes  an  essential  and  prevailing  ingredient.  Much 
of  this  rock  has  been  known  by  the  names  of  primitive  green- 
stone, and  greenstone  slate,  l>eing  composed  of  hornblende 


» 
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and  felspar.  The  hornblende  someliraes  so  predominates  as 
lo  exclutle  olher  minerals.  As  the  names  imply,  these  rocks 
occur  both  compact  and  fissile;  in  the  latter  case  the  felspnr 
is  frequently  green.  Some  curious  changes  in  the  structure  of 
continuous  beds  may  occasionally  be  ob^-ervetl.  I  have  seen 
thick  beds  of  a  compound  consistinjr  of  nearly  cijuul  parts  of 
hornblende  and  fe!>pHr,  not  differing  in  uiineralogical  character 
from  ibe  common  unstratified  greenstones,  become  gradually 
schistose  by  acquiring  mica,  so  that  the  couipound  resembles 
certain  varieties  of  gneiss.  After  a  time  the  hornblende  would 
become  scarce,  and  ihe  rock  would  become  a  mixture  of  mica 
and  felspar,  with  probably  some  qtiartz.  Changes  of  this  kind 
are  intujiuerable,  and  serve  to  distinguish  the  hornblende  rocks 
from  the  greenstones,  with  which,  without  careful  examination, 
they  may  be  confounded.  In  llie  southern  part  of  Devon» 
hornblende  rocks  insensibly  become  converted,  in  the  line  of 
their  direction,  into  chlorite  slate.  This  is  observable  in  the  tli- 
rection  of  the  slrat;»  between  the  promontory  named  the  Bolt 
Tail  and  the  neighlnmrliood  of  Salcombe.  From  the  inlor- 
niation  of  Mr-  Royle,  it  appear.*!  that  large  tracts  of  country 
are  occupied  by  hornblende  slate  in  India,  particularly  in  the 
central  range  of  mountains.  It  occurs  also  in  the  Ilimalah 
mountains,  associateil  with  gneiss  and  mica  slate.  In  both 
situations  it  often  contains  disseminated  grains  of  magnetic  or 
titaniferous  iron  ore,  which  in  the  central  range  of  mountains 
is  found  abundantly  in  the  river  courses,  being  washed  out, 
by  the  rains,  from  the  decomposed  hornblenile  rock-  In  the 
Himalah  mountains  the  natives  pound  up  this  variety  of  horn- 
blende rock,  ami  obtaiti  the  iron  ore  by  washing*.  Professor 
Sedgwick  informs  me  that  the  menaccanite  (titaniferous  iron 
ore),  found  abundantly  in  the  betl  of  n  stream  near  Tregonwetl 
mill,  Menaccan,  Cornwall,  is  derived  from  the  deconiposition  of 
a  hornblende  rock,  composed  of  hornblende  and  felspar  f.  In 
these  various  cases  the  titaniferous  iron  ore  appears  to  form  a 
constituent  part  of  the  rock. 

Limestone. 

This  rock  occurs  variously  associated  among  the  inferior 
stratified  rocks.  The  saccharine  variety  is,  however,  by  no 
means  confined  to  them;  for,  as  has  already  been  noticed,  it 
is  discovered  among  the  fossil iferoiis  deposits,  as  lor  instance, 
amid  the  belenuiitic  rocks  of  the  Western  Alps.  The  lime- 
stone is  of  various  colours,  but  principally  wliite  and  crystal- 
line, nfl'ording  the  well  known  statuary  marbles  of  Greece  and 
Italy.     It  is  sometimes  large-grained,  as,  for  example,  that 

•  Rovie,  MS.  1  Sedgwick,  MS, 
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incIucleiJ  in  mica  slate  on  the  lake  of  Como,  which  affonled  llie 
mass  of  matcriuls  for  the  construction  of  the  celebrated  Duonio 
at  Milan.  From  a  mixture  of  talc  or  mica»  it  sometimes 
comes  schistose.  Some  of  the  crystalline  dolomites  are  ass 
ciatcil  with  these  marbles  and  others  of  the  r(x:ks  under  cc 
sideration.  The  limestones  not  only  vary  in  their  ciystallil 
character,  but  pass  into  compact  substances,  and  become  mix< 
with  various  n)incrals,  such  as  hornblende^  augile,  quartz, 
A  remarkable  compound,  couiislitig  of  nearly  compact  hrc 
stone  with  small  crystals  of  felspar,  and  thus  forming  a  kindi 
porphyry  wiih  a  calcareous  base,  occurs  at  the  Col  de  13c 
homme,  near  Mont  IJIanc,  constituting  the  catcip/iyre  J'ch 
i/iiqrw  of  M.  Brongniart. 

£urifi\ 

A  rock  principally,  and  in  many  cases  entirely,  comjiosedj 
the  substance  named  compact  fels|iar.  It  does  not  appear ' 
constitute  any  extensive  tracts  in  nature,  but  to  be  general 
subordinate  to  gneiss  or  mica  slate. 

Mica  Slate. 

This  rock  is  essentially  comjiosed  of  mica  and  quartz,  and 
formscxtensive  tracts  of  country,  as  well  as  thin  bctis  included 
among  other  rocks.  Mica  slate  sometimes  contains  garnets  so 
nbiindaiilly,  that  ihcy  may  ainjost  be  regarded  a  regular  com- 
ponent part  of  the  i-ock.  It  graduates  on  the  one  hand  into 
gneiss,  and  on  the  other  into  talcose  slate,  chlorite  slnte^  and 
other  compounds. 

Gneiss. 

This  rock  is  either  schistose  or  divided  into  beds  wliich 
in  thickness.  It  is  composed  of  quartz,  felspar,  mica, 
hornblende,  with  the  occasional  mixture  of  other  mineral 
Sometimes  one  of  these  minerals  is  absent,  sometimes  anothc  _ 
from  this  loss  of  either  the  quartz,  Jelspar,  mica,  or  liornblende, 
aittl  from  the  occasional  absence  of  even  two  of  them,  as  well 
as  the  admixture  of  odier  substances,  there  results  a  very  va- 
riable general  compound.  When  it  occurs  confusedly  cryst 
lized  in  regular  beds,  the  mica  not  being  distributed  in  plat 
parallel  to  the  strata,  as  is  the  case  in  the  fissile  and  schistc 
gneiss,  it  is  really,  as  far  as  mineralogical  characters  are  cM 
cerned,  nothing  but  that  much  disputed  substance,  stratifie 
granite.  And  this  is  rendered  even  more  apparent,  when, 
as  happens  in  the  Alps,  Scotland,  and  other  situations,  large 
crystals  of  felspar  are  disseminated  through  it,  precisely  as  in 
the  granite  of  Dartmoor,  &c.  When  blocks  have  been  detached 


gneiss,  as  has  happened  with  many  of  die  erratic 
blocks  of  the  Alps,  they  cannot  be  clLslinguished  from  those  of 

I  true  granite.  Gneiss,  with  its  variations,  constitutes  very  consi- 
derable tracts  of  country. 
Protogine  may  conveniently  be  arranged  with  gneiss,  the 
only  difference  between  it^  decidedly  stratified  varieties  and 
the  gneiss  being  the  substitution  of  talc  and  steatite  for  the 
mica.  Protogine  is  the  well  known  granitic  rock  of  Mont 
Blanc,  which  certainly  has  the  appearance  of  graduating  into 
a  more  massive  compound  ;  but  in  this  it  does  not  differ  from 
|rneiss,  which  also  seems  to  pass  into  granite  in  a  similar 
manner. 
Although  the  above  are  tlie  most  remarkable  of  the  inferior 
stratiHed  rocks,  they  are  far  from  being  the  whole  of  them. 
The  varieties  and  transitions  of  one  to  the  other  appear  end' 
less,  and,  occurring  in  no  determinate  order,  set  classilications 
utterly  at  defiance.  It  was  at  one  time  considered  tliat  gneiss 
was  the  inferior  rock,  and  was  succeeded  by  mica  slate;  but 
this  is  found  to  be  by  no  means  the  case,  the  two  being  inti- 
mately blended  with  each  other  as  well  as  with  otlier  com- 
^pounds.  It  must  however  be  confessed  that  the  mass  of  the 
^■gneiss  frequently  appears  to  occupy  an  inferior  position. 
^B  Ait  this  apparent  confusion,  and  this  passage  of  one  rock 
Binto  another,  though  it  embarrasses  arrangements,  may  be 
precisely  the  circumstances  which  may  lead  to  some  know- 
ledge of  the  causes  that  have  produced  the  lowest  stratified 
rocks.  These  irregular  passages,  and  the  possibility  of  dis- 
covering any  given  rock  at  the  top  as  well  as  at  the  bottom  of 
the  series,  show  that  the  causes,  whatever  they  may  have  been, 
which  produced  this  variety  in  the  substances,  were  secondary, 
and  that  there  was  some  general  cause  upon  which  the  forma- 
tion of  the  whole  tiepended. 

Jf  we  also  consider  what  minerals  have  entered  most  largely 
into  the  com[X)sitiun  of  the  whole  mass,  we  find  that  quartz^ 

V felspar,  mica,  and  hornblende,  are  those  with  which  it  most 
abounds,  and  which  impress  their  characters  upon  its  various 
portions;  chlorite,  laic,  and  carbonate  of  lime,  are  certainly 
Dot  wanting;  but  if  we,  as  it  were,  withdraw  ourselves  from 
the  earth  and  look  down  upon  such  parts  of  its  surface  as  are 
geologically  kiiown,  we  find  that  these  latter  mineral  sub- 
stances constitute  a  very  small  portion  of  the  whole.  The 
inferior  stratified  rocks  which  form  the  largest  part  of  the  ex- 
posed surface  of  our  planet  are  gneiss  and  mica  slate,  and  when 
viewed  on  the  great  scale,  the  others  are  more  or  less  subor- 
dinate lo  them. 
^H  i)uppoMnj^  ihi^  view  an  approximation  lo  the  truth,  we  ar- 
^h^g  at  another  aud  imporiant  conclusion ;  namely)  that  tlie 
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minerals  which  compose  the  mas^  of  these  stratified  rocks 
precisely  those  which  constitute  the  mass  of  the  ua&tratifit 
rocks,  rocks  which,  from  the  phenomena  attending  them, 
referred  to  an  igneous  <nigin.  We  may  here  inquire  what 
the  circumstances  which  have  determined  tlie  arrangement 
these  minerals  into  stratified  masses  in  ttie  one  instance, 
into  unstratified  masses  in  the  other.  Tliis  question  is  by 
means  of  easy  solution  in  the  present  state  of  our  knowledj 
but  while  we  wait  for  information,  it  may  be  observed  that 
conditions,  under  which  the  two  classes  of  rocks  were  pr 
duced,  must,  to  a  certain  extent,  have  been  very  distinct.  Y| 
we  find,  still  viewing  the  subject  in  the  mass,  that  the  sai 
elementary  substances  have  produce<l  the  same  nuuermls 
both,  the  only  diflerence  between  tliem  being  tlieir  get 
dilFerence  of  arrangement  relatively  to  each  other,  so  that  d* 
should  constitute  a  stratified  compound  in  the  one  case, 
not  in  the  other.  Looking  into  the  structure  of  gneiss,  mk 
sinte,  chlorite  slate,  talc  slate,  &c.  we  find,  if  we  except 
ihick-bcdded  gneiss  or  stratified  granite,  that  it  is  the  arranj 
inent  of  the  mica,  chlorite,  or  talc  in  certain  general  plat 
which  has  j)roduced  the  fissile  and  schistose  structure.  Tl 
however,  has  not  been  the  only  cause  of  stratification,  (if  < 
may  be  so  termed,  the  lines  of  fissility  not  being  necessaril 
those  of  stratification,)  for  we  find,  in  the  thick-bedded  giieia 
the  hornblende  rock,  the  quartz  rock,  tlie  eurite,  an<]  the  sa 
cbarine  limestone,  tliat  other  causes  must  have  produced  thil 
beds  of  confusedly  crystallizetl  substances. 

There  is,  nevertheless,  so  much  apparent  mineralogical 
semblance  between  these  two  classes  of  rocks,  that  we 
scarcely  refrain  from  conjecturing  the  remote  origin  of 
one  and  of  the  other  to  be  in  some  manner  connected,  mc 
lying  circumstances  having  impressed  certain  characters 
each.  It  must  be  confessed  this  is  a  mere  hypothesis,  and  tl 
student  niust  be  careful  only  to  consider  it  in  that  light:  bfl 
it  may  be  asked,  what  essential  difference  there  is  betwe 
thick-bedded  gneiss,  particularly  that  with  imbedded  crystals 
of  felspar,,  anugranite,  between  some  hornblende  rocks  and 
greenstone,— except  that  the  one  occurs  quietly  interstratified 
in  beds,  while  the  other  is  unstratified,  even  sometimes  cutting 
through  stratified  and  similar  compounds?  We  may  here  also 
notice  serpentine  and  diallage  rock,  of  which  there  is  often 
gomi  evidence  (as  will  be  seen  in  the  next  section)  for  conhi- 
dering  igneous  and  injected  rocks,  cutting  strata  in  the  man- 
ner of  granite  and  greenstone.  I  have  never  myself  observ< 
these  rocks  stratified,  but  Dr.  Macciilloch  appears  to  be  eel 
tjiin  that  they  are  so  in  the  Scollish  Isles.  A  priori,  we  shoul 
imagine  ilmt  there  was  as  much  probability  in  finding  siru 


I 


* 


Inferior  Stratified  Rocks, 

(led  rockii,  whose  muieralugical  composition  bhould  render 
them  serpentine,  and  its  common  associate  diailagc  rock,  iis 
that  ve  should  find  stratified  rocks  mineralogically  the  same 
with  granite  aiul  greenstone  :  therefore  we  should  be  distxKsed 
to  admit  them  into  the  catalogue  of  inferior  stratified  rocks, 
even  if  we  had  not  the  direct  opinions  of  Dr.  MaccuUoch 
and  some  other  geologists  on  the  subject.  As  the  question  is 
one  of  some  interest,  it  should  be  stale<l  that  the  localities 
where  tlie  stratification  may  be  observed,  and  which  are 
}K>inted  out  by  this  author,  are; — for  diallage  rock,  Unst,  Balta, 
and  Fetlar;  and  for  serpenline,  also  the  Shetland  Islands. 
The  stratification  is  described  as  often  obscure;  but  the  dial- 
lage rock  is  stateil  to  be  associated  with  gneiss,  mica  slate, 
chlorite  state,  and  argittaceous  slate,  alternating  with  them; 
and  when  occurring  distinct,  presenting  the  same  dip  and  di- 
rection as  the  neighbouring  rocks.  According  to  Dr.  Mac- 
cuUoch, there  can  be  no  doubt  that  serpentine  is  stratified  in 
Unst ;  as  also  appenrs  to  be  the  case  iu  Fetlar,  tliough  the 
strata  are  not  tijere  so  regular. 

Let  us  now  cast  a  glance  at  the  substances  which  enter  into 
the  composition  of  some  of  the  more  marked  inferior  stratified 
rocks,  and  sec  in  what  respect  such  rocks  difler  chemically 
from  each  other.  To  do  this  we  must  search  for  the  best  ex- 
isting axialyses  of  those  minerals  which  enter  into  their  com- 
position, and  then  calculate  the  relative  proportions  of  the 
constituent  substances  in  one  hundred  parts  of  each  rock. 
These  calculations  will  necessarily  be  little  else  than  approxi- 
mations to  the  truth,  more  particularly  as  we  shall  take  the 
mean  of  several  analyses  of  llie  same  mineral,  and  conseijuently 
the  mean  of  the  losses  in  each ;  moreover  we  shall  be  com- 
pelled to  suppose  definite  compounds  of  those  things  which 
vary  much  in  nature  ]  but  it  is  hoped  that  the  calculations  will 
be  sufficiently  accurate  to  answer  the  purpose  for  whicti  they 
are  intended. 

If  we  assume  that  quartz,  as  it  occurs  in  these  rocks,  is  pure 
silica,  we  shall  commit  no  great  error  as  far  as  regards  the 
present  inquiry.  With  mica,  however,  we  shall  have  far  more 
difliculty,  inasmuch  as  two  substances,  of  much  the  same  ex- 
ternal characters,  pass  bv  that  name,  the  one  coritaining  lithia, 
the  other  fluoric  acid,  how  far  the  one  may  extensively  pre- 
vail over  the  other  is  not  well  known,  but  probably  the  fluoric 
acid  mica  is  most  common  in  the  inferior  stratified  rocks.  As- 
suming this,  for  die  sake  of  our  intjuiry,  we  may  proceed. 
The  mean  of  fiiteen  analyses  of  mica  fi"om  various  parts  of  the 
world,  by  Klaprotli,  Vauquelin,  Rose,  and  Ueudant,  gives: — 
Silica  46*14,  alumina  2616,  potash  10'12,  magnesia  4'9U, 
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lime  0"3S,  peroxide  of  iron  8*17,  oxide  of  manganese  0*61, 
fluoric  acid  1  *09,  and  water  2. 

Seven  analyses  of  felspar  by  Klaproth,  Vauquelin,  BuchoJzf 
Rose,  Berthier,.  and  Beudant,  give,  for  the  mean  compositic 
of  that  mineral, — Silica  64--0'l',  alumina  18"94}  potash  13*f 
lime  0'76,  and  oxide  of  iron  O'Ti-. 

A  gneiss^  therefore,  composed  of  equal  parts  of  quartz, 
spar,  and  mica,  would  contain, 


Silica 70-Oti 

iMiimina    16-03 

Magnesia  1-66 

Lime 0-37 

PoUsh   7-92 


Oxide  of  iron    2*97 

Oxide  of  niangniiete     ...  0*20 

Fluoric  acid 0*3G 

Water 0-66 


We  should  not  forget,  tliat  instead  of  common  felspar,  albil 
sometimes  enters  into  the  composition  of  gneiss,  and  oilier 
due  inferior  stratified  rocks.  The  mean  of  four  analya 
of  Albite  from  Finland,  Fimbo,  Arendal,  and  Chesterne 
(United  States),  by  Teugstroin,  Eggertz,  Rose, and  Stromeyer, 
gives  for  the  coraposilion  of  diat  mineral, — Silica  60"45, 
mina  19'44',  soda  f>'95,  lime  0  22,  magnesia  0*13,  and 
oxides  of  iron  and  manganese  0*27.  Hence  a  gneiss  com[ 
of  equal  parts  of  quartz,  albile,  and  mica,  would  contain, 


Silica 71-86 

Alumina    15-20 

Potash 3-37 

Soda 3-31 

Ma^uesia  1-70 


Lime 0-2S 

Fluoric  acid  0-36 

Oxtdeg  of  iron  and  mau- 

gunese  ..................  S*01 

Water    0-35 


The  composition  of  the  gneiss  with  imbedded  crj'stals  of  fel-  . 
spar,  by  no  means  an  uncommon  rock,  would  of  course  diffi^^l 
from  the  varieties  of  gneiss  above  noticed,  in  proportion  to  tl^^^ 
abundance  of  such  crystals. 

A  mica  slate,  composed  of  equal  parts  of  quartz  and  mi 
would  contain. 


Silica 7307 

Alumina    , 13'U8 

Magnesia 2-iQ 

Lime  0*17 

Potaah 5-06 


Oxide  of  iron 4*08 

Oxide  of  maagauese     ...  0*30 

Fluoric  acid O'M 

Water    1-00 


A  mica  slatey  composed  of  equal  parts  of  quartz,  mica,  and 
garnet,  by  no  means  an  uncommon  mixture,  would  contain 
(taking  the  mean  of  several  analyses  of  garnet  by  Vauquelin, 
Hisinger,  and  Wachtmeister,  to  be, — Silica  39'69,  alum'ma 
20*19,  protoxide  of  iron  3599,  protoxide  of  manganese  3*09^ 
and  lime  1*01),  "" 


Oxide  ofiron    14-72 

Uxide  ul'  tniuiganese 1-23 

Muoric  acid 0-.'l6 

Water     066 


The  chief  difTerence  in  this  com|K>uiuI  from  the  gneiss  Brst 
luticed,  would  consist  in  a  less  proportion  of  tiilica  (8-12)  and 
potash  {'^•55)f  and  in  a  larger  projiortion  of  die  oxides  of  iron 
(11-75). 

Hornblende  appears  to  differ  much  in  the  quantity  of  iran 
it  contains.     We  shall  probably  commit  no  gieat  error  if  we 
take  Bonsdorff's  analysis  of  a  hornblende  from   Pargas  as 
affording  a  fair  view  of  the  substances  contained  in  this  mineral, 
more  particularly  as  it  approaches  the  mean  of  several  analyses 
)f  hornblende  from  different  places.     The  hornblende  in  quest- 
ion  contained^— silica  ^5'69f   alumina    1218,   lime   IS'83, 
lagnesia  1 8-79t  protoxide  of  iron  7"32,  protoxide  of  manga- 
^nese  0'22,  and  Buoric  ncid  I  '50. 

That  variety  of  hornblende  rttck  which  is  almost  entirely 

I  composed  of  confused  crystals  of  hornblende,  will  necessarily 
consist  oi' little  else  than  the  constituent  parts  of  the  mineral. 
A  variety  of  hornblende  rock  composed  of  equal  parts  of  horn- 
blende and  felspar,  would  contain, 


nic 

^nuo 


Silica 54-86 

Alumina    15*56 


Lime 7*29'  Oxide  of  manganese 


Potash   6-83 


Magnesia  9*39 

Oxide  of  iron     4-03 


Fluoric  ncid 


0-75 


The  mean  of  three  analyses  of  chlorite  by  Vauqtielin,  Ber- 
tliier,  and  Gruner,  gives  for  the  composition  of  tliat  mineral, 
— Silica  27'43,  alumina  17'90,  oxide  and  protoxide  of  iron 
30'G3,  magnesia  l+'SG,  potash  1*56,  lime  0*50,  and  water 
6 '92.  Assuming  this  to  be  a  fair  estintate  of  the  substances 
forming  chlorite,  a  chlorite  slate  composed  of  equal  parts  of 
chlorite  and  quarts  would  contain, 


Silica d  71 

Alimiina S\i^ 

Magnesia  7-2S 

.Potash    0-78 


Oxide  of  iron 15-31 

Lime   0-26 

Water    3*46 


A  talcose  slaie,  composed  of  equal  parts  of  quartz  and  talc, 
would  contain,  assuming  the  mean  of  two  analyses  of  talc  by 
Berlhier  from  St,  Bernard  ond  St.  Foix  to  affortl  a  fair  estimate 
of  the  constituent  parts  of  this  mineral  (viz.  silica  56'9f  alu- 
mina 0'8,  lime  -t'O,  magnesia  2G"1',  protoxide  of  iron  b'l, 
water  3-0), 


Silica 78-f.5 

Magnesia l.'J-20 

Oxide  of  iron.... -!'U5 


Lime 200 

Alumina •.-.     0-40 

Water     , 1'50 


J 
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Protoginc  is  a  rock  which  occurs  extensively  in  ihe  Alps, 
and  diflers  only  from  gneiss  in  containing,  as  before  stau 
talc  or  steatite  instead  of  mica.  Talc  and  steatite  do  not  dif 
materially  in  llieir  chemical  contents  ;  both  probably  occur  il 
protogiue,  but  as  steatite  generally  prevails,  we  will  supy 
a  compound  of  equal  parts  of  quartz,  felspar,  and  steatit 
This  protogine  would  contain  (taking  the  mean  of  three  at 
lyses  of  steatite  by  Vauquelin,  Bucholz,  and  Brandes,  at- 
!ica  61*68,  magnesia  27*80,  oxide  and  protoxide  of  iron  2"! 
lime  0*25,  alumina  0*83^  and  water  6*00), 

Silica „ «..  75-24 

Alumina    „.. 6'50 

PoUah    , 4-55 

Magncjiia  0'26 

It  is  by  no  means  easy  to  determine  the  chemical  com{ 
lion  of /iwriVe.     If  we  consider  it  the  same  with  the  compa 
felspar  rock  of  Dr.  JMaccullocli,  the  analysis  of  compact 
spar  ought   to  afford   us  tlie  retjuisite  information.     The 
would  np}>ear  little  doubt  that  substances  not  precisely 
same  pass  under  the  name  of  compact  felspar.     The  nulhc 
last  cited  states  tiiat  compact  felspar  contains  both  potash  ai 
soda  at  die  same  time.  According  to  Bucholz,  compact  felsr 
from  Passau  is  composed  of 


Lime 0*33 

Oxide  of  iron    .„ 1-08 

Water     2-00 


Silica 6000 

Alumina    22-00 

Potash    14-00 


Lime . 
Loss 


0-75 
3-26 


According  to  Klapruth,   compact  felspar  from   SiebenI 
contains. 


Silica  5100 

Alumina    ...„..., 30-00 

Soda  400 


Lime  11-25 

Oxide  of  iron     1'75 

Loss  , 2-00 


The  petrosilex  of  some  authors  is  sometimes  also  cL 
under  the  head  of  compact  felspar.     According  to  Berlhli 
the  petrosilex  of  Nantes  is  formed  of 


Silica 75-20 

Alumina 15-00 

Potoih    3-40 


Lime 1*20 

Magnesia 2*40 

Water l-SO 


4 


Upon  the  whole  wc  can  scarcely  avoid  agreeing  with 
Beudant,  who  observes,  that,  although  there  are  certainly  vac 
etics  of  compact  felspar,   many  substances,  wiiich  cannot ' 
considered  as  felspars^  are  so  called,  often  because  it  is  ni 
known  what  else  to  do  with  them*.     Be  this  as  it  may,  euril 
is  sometimes  a  mixture  of  the,  so  called,  compact  felspar  wi 
mica,  and  at  others  with  cjuariz. 


•  Beudant,  Traite  dc  Mincralogic,  Sine  Editlou,  1832,  t  ii.  p.  106. 
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Quartz  rock^  as  its  name  iniplies,  is,  when  pure,  composed  of 
^tle  else  than  silica.  When  it  is  formed  of  eijuul  parts  of 
pica  and  quartz,  ii  contains  the  same  substances  as  has  been 
noticed  under  the  head  of  mica  slate,  which  in  fact  it  then  is. 
Quartz  rock,  composed  of  equal  parts  of  quartz  and  felspar, 
would  contain, 

^     Silica 82-02  I  Potash    6-83 

■  Alumina 9-47    Oxide  of  iron   0*37 

W     Lime 038 1 

The  limestones  of  this  age  are  commonly  saccharine,  though 
varieties  are  not  wanting  which  are  merely  compact.  The 
carbonate  of  lime  is  not  always  pure,  but  often  becomes  mixed 
with  carbonate  of  nia^^iiesia,  constituting  dolomite.  As  pre- 
viously observed,  these  rocks  frequently  contain  disseminated 
minerals. 

There  can  be  little  doubt  that  the  argillaceous  slates  vary 
materially  in  their  chemical  composition,  though  tliey  present 
nearly  tlie  same  external  a[)pcarance.  Silica  and  alumina  ap- 
{>eur,  however,  to  enter  larj^'ely  into  their  composition. 

The  render  will  have  observed  that  silica  constitutes  the 
principal  ingredient  of  all  these  rock:»;  for  the  limestones  and 
dolomites  form  such  an  insii^niiicant  part  of  the  whole  that  they 
may  be  readily  omitted  ;  indeed,  the  mass  of  the  inferior  strati- 
fied rocks  must  be  composed  of  more  than  one  half  oJ  this 
substance.  Alumina  is  the  next  abundant  substance ;  then 
follow  potash,  magnesia,  and  soda.  Lime,  ttiough  by  no 
means  scarce,  occurs  for  the  most  part  in  very  small  quantities. 
Fluoric  acid  also  occurs  extensively  in  small  proportions.  The 
oxides  of  iron  and  manganese  are  also  common,  the  former 
being  tlie  most  abundant.  It  would  thus  appear  that  die  enor- 
mous mass  of  matter  constituting  the  inferior  stratified  rocks 
is  essenliaHy  composed  of  a  few  simple  substances,  variously 
combined ;  and  that  the  greater  proportion  of  them  exists  in  the 
Ptate  of  silicates. 

■  It  must  not  be  inferred,  from  the  small  space  here  dedicated 
to  the  inferior  stratified  rocks,  that  they  are  of  little  importance; 
for  they  are  found  to  occupy  a  large  portion  of  the  earth's  sur- 
face, wherever,  from  denudations  and  disruptions  of  strata,  or 
from  the  original  absence  of  su|ierincumbent  rocks,  they  are 
exposed  to  our  observation.  As  whenever  they  are  observed, 
whether  in  Asia,  North  America,  or  Europe,  diey  appear  with 
constant  genera!  characters,  we  may  assume  that  common 
causes  have  produced  them  over  tlte  surface  of  the  globe,  and 
that  these  common  causes  are  principally  chemical,  inasmucli 
as  the  prevalent  mineralogical  character  of  the  mass  is  con- 
fusedly crystalline. 

We  may  therefore  infer,  from  finding  these  rocks  with  cou- 
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slant  general  characters,  whenever  circumstances  permit  u&to 
observe  them  emerging  from  beneath  the  mass  of  strata  in 
which  organic  remains  are  entombed,  that  general  chemical 
laws  have  been  in  operation  cuntemporaneonsly  over  the  su^H 
face  of  our  planet,  and  previously  to  the  existence  of  anim^H 
and  vegetable  life  upon  it,  producing  rocks  of  great  collective 
thickness.      Hence  the  student  may  always  consider,   thr 
whatever  may  be  the  nature  of  the  deposits  on  which  he 
such  strata  exist  beneath,  them,  unless  in  cases  where 
of  igneous  rocks  have,  by  protrusion,  forced  them  asumlery 
and  left  no  stratified  substances  intermediate  between  the  si 
face  and  the  interior  of  the  globe. 

It  would   be  tedious  to  enumerate  the  various  situatic 
where  these  rocks  may  be  found ;  it  wilt  suffice  to  state  tl^ 
there  is  scarcely  any  very  large  extent  of  country,  where  fr 
some  accident  or  other  they  are  not  exposed  on  Uie  surfac 
They  abound  in  Norway,  Sweden,  and  Northern  Russia;  tJi< 
are  common  in  the  Nortli  of  Scotland,  whence  they  stret 
over  into  Ireland.      In  the  Alps  and  some  other  mountain 
they  occupy  the  central  lines  of  elevation,  as  if  brought  to  ligl 
by  the  movements  which  have  thrown  up  the  different  chains 
I'hey  abound  in  the  Brazils,   and  occur  extensively  in  the 
United  States.     Our  navigators  have  shown  that  they  are  suf- 
ficiently common  in  the  various  remote  parts  of  Nortli  America 
visited  by  them.     They  occupy  a  considerable  area  in  central 
India,  and  are  found  extensively  in  the  great  range  o(  the 
Ilimalah.     Ceylon  is  in  a  great  measure  composed  of  them; 
and  they  do  not  appear  to  be  scarce  in  various  other  parts 
of  Asia.     In  Africa  also  we  know  that  they  are  not  wanting, 
though  but  so  small  u  part  of  that  continent  has  been  yet 
plorcd  with  scientific  views. 


Uvstratifieil  Hocks. 
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UNSTRATIFIED  ROCKS. 


The  rocks  constituting  this  natural  group  are  widely  tlistri- 
buted  over  the  surface  of  the  world,  are  found  mixed  with  al- 
most all  the  stratified  rock-;,  and  bear  every  mark  of  liaving 
een  ejected  from  beneath.  They  commonly  occur  either  as 
rotruded  masses,  as  overlapping  masses,  resulting  from  the 
spread  of  matter  after  ejection,  or  as  veinstones  filling  fissures, 

^—apparently  consequent  on  some  violence  to  which  the  strata 

Hfcave  been  subjected. 

HF    nie  aspect  of  the  unstratified  rocks  is  exceedingly  various 

^f^  ^ar  M  respects  their  texture,  and  the  absence  or  presence  of 
the  few  minerals  which  essentially  enter  into  their  composition. 
These  variations  would  however  in  general  appear  the  result 

t'the  circumstances  to  which  they  have  been  exposed;  and  not 
ifrequently  the  same  mass,  if  of  tolerable  extent,  will  present 
great  variety  of  compounds,  to  which  separate  names  might 
ue  (and  indeed  have  been)  assigned,  if,  instead  of  directing  at- 
tention to  the  mass,  the  small  changes  in  niineralogical  struc- 
ture are  alone  observed. 

In  the  earlier  days  of  geology,  granite  wjis  considered  the 
fundamental  rock  on  whicli  all  others  were  accumulated ;  but 
this  opinion,  like  many  others,  has  now  given  way  before  facts ; 
ioXy  as  will  be  seen  in  the  se(]uel,  we  have  examples  of  granite 
resting  upon  stratified  and  f(}ssilifcrous  rocks  of  no  very  great 
comparative  antiipiity.  It  must  however  be  confessed,  that 
granite  appears  sometimes  to  alternate  in  considerable  thick- 
ness with  the  inferior  stratified  rocks,  and  that  the  sepai'ation 
of  it  from  gneiss,  particularly  thick-bedded  gneiss,  is  very  am- 
biguous. Before,  however,  we  proceed  further  with  the  con- 
sideration ot  the  unstratified  rocks,  it  will  be  necessary  to  pre- 
mise a  sketch  of  their  niineralogical  tliaraclers,  omitting  those 
of  the  rocks  usuaWy  termed  volcanic,  which  have  been  already 
noticed. 

Granite 

Is  a  confusedly  crystalline  compound  of  ouart/.,  felspar,  mica» 
and  hornblende.  It  is  not  essential  that  all  these  four  minerals 
should  l>e  present ;  on  the  contrary,  rocks  have  been  termed 
granite  when  only  felspar  and  mica,  felspar  nnd  (|uartz,  felspar 
and  hornblende,  and  quartz  and  hornblende,  have  been  the 
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constituent  minerals.     Such  an  employment  of  the  term" 
nite  must  be  used  with  much  caution,  as  for  instance  in  the 
of  the  compound  oi'  felspar  and  hornblende,  which  in  fact 
mineralogical  greenstone,  and  should  not  be  named  gra 
unless  it  constitutes  a  very  subordinate  portion  of  a  mass 
which  the  term  may  be  more  properly  applied,  and  resi 
from  the  accidental  absence  of  one  or  two  of  the  above-named 
minerals  for  a  limited  space.     The  most  prevalent  compound 
is  one  with  quartz,  felspar,  and  mica;  when  hornblende  re 
places  the  mica,  it  is  sometimes  termed  stenite.  Other  miner 
such  as  chlorite,  talc,  steatite,  See.  are  sometimes  arranged  w9 
those  above  enumerated  iji  various  ways  and  proportions;  but 
such  compounds  can  only  be  considered  as  accidental  varieti 
When  the  quartz  and  ftlspar  occur  alone,  and  the  crystallij 
tion  is  such  that  the  former  afipears  disseminated  in  the  latter, 
it  is  termed  graphic  granite^  from  the  supposed  resemblance il 
bears  to  antique  characters.     Granite  is  occasionally  porpl 
ritic,  as  is  the  case  in  Cornwall  and  Devonshire,  large  crys.t 
of  felspar  being  diisseminated  through  (lie  mass,  showing 
however  confused  the  general  crysitillizaiion  may  have  beeoT 
circumstances  were  such  as  to  permit  the  production  of  distiucl 
crystals  of  felspar. 

Diallage  Rock  [Euphotidet  Ilaliy ;  SchiUerfch^  Germ.).     Scr- 
pt'utine  {Ophiolilfy  Al.  Brong. ;  Serpentina  Germ.). 

These  are  so  intimately  connected,  that  to  separate  them 
seems  impossible,  passing,  as  they  sometimes  do,  in  all  direc- 
tions into  each  other.  Diallage  rock  when  pure  is  conipc 
of  diallage  and  felspar.  Serpentine  when  pure  is  gener 
considered  as  a  simple  mineral  substance,  and  forms  lar 
masses  in  that  state,  but  seldom  prevails  to  any  extent  wiiIk 
acquiring  diallage.  These  rocks  are  sometimes  blended  wi 
compounds  of  the  greenstone  class,  and  apparently  pass 
insensibly  into  them  that  ttiey  can  only  be  considered  as  parts 
of  a  common  nia.ss,  though  the  serpentine  and  diallage  rock 
generally  prevail  in  such  cases. 

Greenstone  [Grilmtein^  Germ.;  Diabase^  AI.  Brong,),  and  the 
other  Rocks  usually  termed  Trappean. 

These  also  so  pass  one  into  the  other,  that  frequently  in  a 
mass  of  inconsideralile  extent  a  great  variety  may  readily  be 
obtained.  They  vary  in  texture  from  an  apparently  simple 
rock  to  a  confusedly  crystalline  compound,  in  which  crysta^ 
of  felspar  are  disseminated.  It  has  long  since  been  observi 
by  Dr.  Maccnlloch  that  "the  predominant  substance  in  thi 
mcmberii  of  this  family  is  a.  simple  rock,  of  which  indurated 
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clay  or  wack^  may  be  placed  at  one  exlrenie,  and  compact  fel- 
spar at  tlie  other;  the  intermediate  member  being  claystone 
and  clinkstone.  In  some  cases  it  forms  the  whole  mass;  in 
others  it  is  mixed  with  odier  minerals,  in  various  proportions 
and  in  various  manners;  dius  producing  ^reat  diversities  of 
aspect,  without  any  material  variations  in  the  fundamental 
character*."  As  may  be  readily  imagined,  no  exact  definition 
can  be  given  of  that  which  is  constantly  changing  in  nature. 
CUystone«  as  its  name  implies,  resembles  clay  under  different 
degrees  of  induration;  and  not  unfrequently,  when  in  mass, 
acquires  a  columnar  structure.  Clinkstone  appears  an  inter- 
mediate step  to  compact  felspar,  which,  according  to  Dr.  Mae- 
culloch,  contains  both  potash  and  sodn,  while  common  felspar 
contains  potash  only.  I  have  elsewhere t  applied  the  term 
comean  to  designate  some  of  the  more  simple  forms  of  that 
kind  of  rock  known  as  horustone,  which  would  appear  in  some 
CAses  to  be  nothing  else  than  compact  felspar ;  in  odiers,  how- 
ever, it  partakes  of  the  characters  of  other  minerals.  Thus, 
in  Pembrokeshire,  where  there  is  a  remarkable  variety  of  trap- 
pean  rocks^  the  corneans  may  be  divided  into  felspathic,  quart- 
20se,  and  hornblendic,  as  those  minerals  appear  to  prevail  in 
the  mass ;  the  quartzose  variety,  which  is  the  most  rare,  even 
appearing  like  some  kinds  of  quartz  rock,  wilii  Uie  exception 
that  it  is  uiistratiHed.  These  more  simple  forms  of  trap-rock 
very  frequently  become  porphyritic  by  the  admixture  of  either 
quartz  or  felspar  crystals,  and  sometimes  of  both  in  the  same 
mass,  as  in  the  red  ({uart/iferous  porphyries,  rocks  which  not 
unfre(}Uently  pass  into  granite.  Porphyries  are  generally 
known  by  the  name  of  the  base  or  paste  which  includes  the 
disseminated  crystals ;  thus,  we  have  claystone  porphyry 
{TTionstem  porphyr,  Germ.;  Argillophipe,  Brongniart) ;  fel- 
spaUiic  porphyry  (  Tnte  porphyry  of  Brongniart ;  Porphxfrc  Eu- 
ritiqtw,  Fr. ;  Homstein  porphyry  Felspatk  porphyr,  Germ.); 
and  clinkstone  porphyry  [Klingstein  porphyr). 

It  very  frequently  appears  as  if  the  elements  of  quartz,  fel- 
spar, and  hornblende  composed  the  mass,  and  various  circum- 
stances determined  their  union  in  such  a  manner  as  to  produce 
a  large  proportion  of  the  various  compounds  known  as  trap- 
rocks,  sometimes  the  hornblende  being  in  mass,  at  oUiers  the 
felspar,  while  the  quartz  rarely  predominates.  In  other  situ- 
ations confusedly  crystalline  comjjounds  have  been  the  result; 
quartz,  felspar,  and  hornbiende  united,  form  sienite  ;  or  felspar 
and  hornblende  without  the  quartz,  constitute  greenstone.  The 

•  MaccuUocb,  Gcolopicul  Classification  of  Rocks,  1S21,  p.  480. 

f  Geology  of  Sgntlicm  Pembrokeshire;  GeoL  Trans.  2nd  Seriei,  vol.  ii. 
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^rranular  structure  of  these  comixiunds  varies  mnterially,  nnd 
tinally  l>econies  somewhat  iinuginnry;  at  lea^t  this  texture  is 
rather  inferred  than  seen.  The  comjKJunds  occasionally  con- 
tain disseminated  crystals  of  felspar,  and  thus  become  what 
are  commonly  known  as  greenstone  porphyries  [Diabase  poi-' 
phi/roidef  Fr. ;  Grutistein  povphjfi;  Gernii).  A  paste  of  ffreen 
hornblende  cornean  containing  crystals  of  felspar  constitutes 
the  ophite  of  Brongniart,  the  antique  green  porjihyry. 

Some  of  the  rucks  o^  this  family  are  not  unfreuuently  vesi- 
cular, in  the  manner  of  tnmlern  lavas,  the  vesicles  however 
being  generally  fitletl  up  by  some  mineral  substances  which 
have  suice  been  infiltrated  into  them.  Such  substances  are 
not  unfrequently  agates,  and  those  employed  m  the  arts  are 
principatly  thus  derived.  From  these  cavities  being  f'requenUy 
uf  an  almond  shape,  or  rather  from  the  appearance  of  their 
solid  contents  resembling  almonds  in  form,  die  term  Afnygda- 
hid  has  been  applied  to  rocks  of  this  class.  It  will  be  readily 
understood  that  the  base  or  paste  of  the  amygdaloids  is  not 
constantly  the  same,  but  varies  materially.  A  trappean  rock 
is  sometimes  botli  amygdaloidal  and  porphyritic  at  the  same 
time  (Devonshire,  Scotland,  &c.).  The  amygdaloiilal  cavities 
aflbrd  the  mineralogist  a  great  abundance  oi  siliceous,  calca- 
reous, i^eolitic,  and  other  minerals. 

Other  minerals  than  those  above  enumerated  occur  in 
trappean  rocks,  but  caimot  be  considered  as  forming  an  essen- 
tial part  of  them,  with  the  exception  of  augite  and  hyperslhene, 
which  with  tlie  mixture  of  either  common,  compact,  or  glassy 
felspar,  constitute  the  augite  and  Aypcrstliene  rocXs  of  Dr.  Mac- 
culloch.  It  would  be  endless  to  attempt  a  notice  of  the  various 
aspects  under  which  these  rocks  present  themselves;  it  should 
however  be  remarked  that  the  term  basalt  is  applied  to  sub- 
stances which  are  not  precisely  the  same,  being  sometimes 
given  to  a  fine  compound  of  augite  and  compact  felspar,  at 
otliers  to  a  minute  mixture  of  hornblende  and  compact  felspar, 
sometimes  to  dark  indurated  claystones,  and  finally  to  a  com- 
pound of  felspar,  augite,  and  titaniferous  iron.  The  last 
ture  seems  that  now  most  commonly  termed  basalt- 
Let  us  now  consider  how  far  some  of  the  more  marked  of 
the  unstratifieil  rocks  dilTer  chemically  from  each  odier.  A 
granite  com|>osed  of  equal  parts  of  quartz,  felspar,  and  mica, 
would  contain  precisely  the  same  substances,  and  in  the  same 
proportion,  as  the  gneiss  previously  noticed  (p.  iirO.).  Mica, 
however,  rarely  constitutes  a  third  part  of  a  large  mass  of 
granite;  it  is  usually  in  smaller  proportions.  A  granite  cotn^^ 
posed  of  two  fifths  of  quartii,  two  fifths  uf  felspar,  and  one  fiftl^H 
of  mica,  would  appear  inucli  more  common.     Such  a  nocW^^ 
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would  contain  (taking  the  composition  of  felspar  and  mica  to 
be  the  same  as  noticed  under  tl»e  head  of  the  interior  stratified 
rocks), 


I 


Silica 7'IR4 

Alumina    12-80 

Potaah   718 

Magnesia  0*99 


Lime 0*37 

Oxide  of  iron 1'93 

Oxide  of  mangaoese 0*12 

Fluoric  acid  0-21 


When  granite  contains  disseminated  crystals  of  felspar, — 
by  no  means  a  rare  circumstance, — felspar  may  be  considered 
a,s  conhtituting  at  least  one  haif  of  the  compound.  Assuming 
that  in  such  a  rock  the  felspar  =  i^,  the  ouartz  =  |,  and  the 
mica  =  ^,  the  chemical  composition  would  be. 


I 


Silica 73'01 

Alumina    13-33 

Potash   8-51 

Magnesia  U'83 


Lime ,  0-44 

Oxide  of  iron 1'73 

Oxide  of  manganese O'lO 

Fluoric  acid  018 


In  this  estimate  of  the  contents  of  such  a  granite,  we  must 
not  forget  that  the  tlisseminuted  crystals  are  sometimes  those 
of  albite:  if  we  assume  that  such  disseminated  crystals  are  =  ^, 
the  quartz  =  ^,  the  common  felspar  =  |,  and  the  mica  =  ^, 
we  should  have  for  the  chemical  composition  of  such  a  rock 
(taking  the  constituent  parts  of  albite  to  be  the  same  as  those 
noticed  under  the  head  of  the  inferior  stratified  rocks), 


Silica 73-94 

Alumina 13-92 

Potash  624 

Soda  l-GG 

Magnesia  0-86 


Lime 0-3i5 

Oxide  of  iron l'6'l 

Oxide  of  manganese 0*11 

Fltioric  acid  0-18 


A  granite  composed  of  quartz,  felspar,  and  hornblende,  in 
that  case  usually  termed  sienite^  would  contain  (supposing  the 
minerals  to  be  in  equal  parts,,  and  the  chemical  constituents  of 
hornblende  to  be  as  noticed  under  the  hea4l  of  the  inferior 
stratified  rocks). 


I 


Silica , 6f)-!)l 

Alumina 10-37 

Potaah '}-<55 

Lime 4'8G 


Magnesia  6*26 

Oxide  of  iron.... 2'69 

Oxide  of  manganese O'OT 

Fluoric  acid 0-30 


A  granite  composed  of  quartz,  felspar,  mica,  and  hornblende 
is  by  no  means  a  very  common  variety ;  it  does,  however,  oc- 
casionally occur,  even  in  considerable  masses.  Such  a  rock, 
supposing  the  four  minerals  to  be  in  equal  parts,  would  con- 
tain. 


Silica 63-96 

Alumina    14-32 

Potash   ;.-94 

Lime 373 


Magnesia  5-94 

Oxide  of  iron A'QS 

Oxide  of  manganese 0-31 

Fluoric  acid 0-65 


A  granite  formed  of  quartz  and  felspar  in  equal  parts  would 
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afiord^  upon  analysis,  the  same  result  as  tlie  substance  noticed 
under  the  head  of  quartz  rock,  and  supposed  to  be  similarly 
comfiosed. 

A  rock,  formed  of  schorl  and  quartz,  and  hence  termed 

schorl  rock,  is  often  found  in  jrranite  districts ;  and  as  it  some- 
times constitutes  important  masses,  should  be  noticed. 

Schorl  is  now  gf  nerally  admitted  to  he  only  one  of  the  black 
varieties  of  tournialine.  These  vary  in  their  constituent  parts, 
but  agree  in  containing  silica  and  alumina  in  larger  propor- 
tions than  any  otiier  integral  substance,  and  in  the  presence 
of  boracic  acid.  The  mean  of  six  analyses  by  Gmelin  of  black 
tourmalines  from  Rabenstein,  Saint  Gothard,  Greenland,  Bo- 
vey,  Eibenstock,  and  Karingbrika,  gives  as  the  composition  of 
this  mineral, — Silica  3(>03,  alumina  35'82,  potash  0*71,  soda 
1*96,  lime  0*28,  magnesia  4--4*,  oxide  of  iron  13'71,  oxide  of 
manganese  I  "62,  and  boracic  acid  3"49. 

The  relative  proportion  of  the  minerals  in  this  rock,  like 
all  those  now  under  cnnsideraLion,  varies  nmterially  ;  but  sop* 
posing,  for  the  sake  of  our  inquiry,  that  the  quarts  and  schorl 
occur  in  equal  parts,  the  rock  would  contain. 


Silica 6801 

Alumina    17-91 

Potatih    0-35 

Sod*  0-98 

Lime 014 


Magnesia  2*22 

Oxide  of  iron 6"85 

Oxide  uf  maiiganew 0*81 

Boracic  acid 1*79 


Silica... 54'8G 

Aluniitm 15'56 

Potash   6-83 

Lime 7-2!> 


A  greenstone,  composed  of  equal  parts  of  felspar  and  hoi 
blende,  would  present  the  same  results  as  the  hornblend 
rock  previously  noticed,  and  similarly  constituted.  For 
sake  of  comparison  it  may  be  useful  to  repeat  the  calculatic 
which  is  as  follows: 

Magnesia  9'39 

Oxide  of  iron 4-OX 

Oxide  of  manganeae 0*11 

Fluoric  acid  0  75 

A  porphyritic  greenstone,  assuming  the  disseminated  cr 
staU  of  felspar  to  form  one  third  of  the  mass,  the  confus 
crystallized  fflspar  one  third,  and  the  hornblende  one  thir 
would  contain, 

Magnesia  0-26 

Oxide  of  iron 2-SW 

Oxide  of  manganese 0*07 

Fluoric  acid  0*50 

The  exact  composition  of  hypersthene  being  little  knoi 
that  oi  hypersthene  rock,  assuming  any  proportions  of  the  cc 
stituent  minerals  which  we  may  consider  a  fair  average  vi< 
ol'  its  chemical  contents,  can  necessarily  be  but  imperfect 
calculated.  The  hypersthene  from  Labrador  contains,  accord- 


Silica 57-92 

Aiumina    16-69 

Pola«h 9-10 

Lime 5-11 
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ingto  Klaproth, — Silica  54*25,  magnesia  14*00,  oxide  of  iron 
24*50,  lime  1-50,  alumina  2*25,  water  1  '00.  If  we  suppose  the 
rock  to  be  composed  of  equal  parts  of  bypersthene,  thus  con- 
stituted, and  common  felspar,  it  would  contain, 


Silica 5914 

Alumina    10-59 

Potash    6-83 

Lime 113 


Magnefiia  7-00 

Oxide  of  iron 12-62 

Water    0-50 


If  we  assume  that  the  same  rock  is  composed  of  equal  part* 
'bypersthene  and  albite,  it  would  contain, 


Silica 01-85 

Alumina    1081 

Soda  4-97 

Limp O'Sfi 


Magncua  7'06 

Ojddeofiron 12iJ2 

Oxide  of  manganese 006 

Water    0'50 


When  quartz  enters  into  the  composition  of  bypersthene 
rock,  the  proportion  of  silica  is  necessarily  increased,  while 
that  of  the  other  constituent  substances  is  diminished,  accord- 
ing to  the  relative  amount  of  quartz. 

From  the  want  of  good  analyses,  it  becomes  exceedingly 
lifBcult  to  arrive  at  any  approximative  estimate  of  the  chemi- 
'cal  contents  of  a  great  variety  of  porphyries.  In  the  first  place, 
the  base  or  paste  in  which  the  crystals  are  imbedded  varies 
most  materially ;  and  in  the  second,  the  disseminated  crystals 
are  those  of  different  minerals,  though  they  principally  consist 
of  common  felsjmr,  albite,  hornblende,  and  augite.  Some  of 
the  bases  of  porphyries  have  the  character  of  that  rock  which 
,  is  commonly  termed  compact  felspar  j  and  we  might  proceed 
to  estimate  the  chemical  contents  of  porphyries  with  this  base, 
if  it  were  clear  that  several  substances,  differing  from  each 
other  in  composition,  were  not  known  by  the  name  of  compact 
felspar.  Porphyries,  for  the  most  part,  seem  to  consist  prin- 
cipally of  variable  mixtures  of  silica,  alumina,  potash,  soda, 
lime,  iron,  and  manganese.  The  imbedded  crystals  are  most 
frequently  those  of  either  common  felspar  or  albite;  and,  ac- 
cordingly, as  the  one  or  the  other  prevails  in  the  mass,  should 
we  ex[)ccL  to  find  potash  or  soda  most  common. 

In  like  manner  the  chemical  contents  of  those  various  trap- 
pean  compounds,  which  I  ha\'e  elsewhere  termed  corneans, 
are  exceedingly  difficult  to  estimate.  Silica  certainly  some- 
times prevails  in  them  to  a  great  extent ;  so  that,  probably,  if 
the  circumstances  under  which  they  have  been  produced  had 
been  such  as  to  allow  of  confused  crystallization,  the  rock 
would  be  one  in  which  quartz  would  form  a  principal  consti- 
tuent mineral.  That  they  are  silicates  of  various  substances 
of  tlie  same  kind  as  those  contained  in  granites,  greenstones, 
and  the  like,  can  be  scarcely  doubted.     Very  frequently  we 
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find  circumstances  liave  been  suclb^  in  various  parts  of  their 
ninss,  that  crystallization  has  taken  place  to  a  greater  or  lesi 
extent;  tlie  products  being  porphyries  of  different  kinds,  green- 
stones, or  stenites. 

Various  dark  coloured  rocks  of  a  close  fine-grained  texture 
having  been  termed  basalts,  there  is  again  difficulty  under  this 
head.  Certain  of  these  baiialts  are  but  exceedingly  fine-grained 
greenstones,  and  would  ifierdbre  have  the  same  chemical  cc 
position.  If,  as  it  is  supposed  by  some,  true  basalt  is  a 
pound  of  augite,  felspar,  and  titaiiiferous  iron,  we  can  scare 
attempt  a  calculation,  inasmuch  as  the  analyses  of  miners 
which  have  been  termed  augite  differ  much  Irom  each  oilier; 
and  we  scarcely  know  what  proportions  to  assume  \\s  a  fair 
estimate  of  the  contained  minerals.  According  to  Phillips,  a 
basalt  from  Saxony  was  composed  of 


Silica 44-M 

Alumina    l€-75 

Lime 9*50 

Magnesia  2*25 


Soda  2-60 

Oxide  of  injii 20-(W 

Oxide  of  maiiganese......  0*12 

Water    2-00 


A  basalt  from  Baiilieii  afforded,  on  analysis,  to  M.  Beudant, 


Silica 59'ji 

Alumina    11*5 

Peroxide  of  iron O-S 

l^toxide  of  iron 19-7 


Lime  .. 
Soda  .. 
Potash 


Trachyte  is  again  another  igneous  rock,  tlie  chemical  com- 
position of  whtcli  13  most  difficult  to  estimate.  Silica  certainly 
sometimes  prevails  more  than  at  others.  Uoth  the  potash  and 
soda  felspars  apparently  enter  largely  into  iL 

Our  difficulties  are  by  no  means  ciiminished  when  we  arrive 
at  the  luxms.  They  appear  of  a  very  variable  composition. 
Still,  however,  the  mass  of  the  substances  of  which  they  are 
formed  consists  chiefly  of  silicates.  Potash  or  soda  commonly 
constitutes  a  piortion  of  their  general  composition. 

The  analyses  of  pi  tc/tstone  from  Newryj  by  Knox,  and  of  the 
same  rock  of  Meissen,  by  Dumenil,  do  not,  as  will  be  seen  be- 
neath, differ  very  materially  from  each  other  ;  and  are  remark- 
able not  only  lor  exhibiting  this  general  similarity  in  their 
chemical  contents,  but  also  for  showing  that  bitumen  rany 
enter  somewhat  largely  into  the  composition  of  an  igneous  rock. 

Newry  Afeiiien 

Pitehttone.  Pitchitant. 

Silica 72-80  7300 

Alumina   IIM  10-84 

Soda 2-86  148 

Lime 112  11* 

Oxide  of  iron    303  1-90 

Bituminous  matter  .  S-50  9-40 
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b. 

c. 

4307 

42-50 

40-37 

38-63 

0-25 

1-00 

0-50 

0-25 

1)7 

1-50 

0-00 

1-62 

0-00 

1-25 

12-45 

15-20 

II  would  be  useless  to  estimate  the  contents  of  obsidian.  It 
appears  iitlte  else  than  the  vitreous  condition  of  various  melted 
rocks,  as  is  indeed  shown  by  the  analyses  which  have  been 
made  of  it ;  for  these  differ  very  considerably. 

The  analyses  of  serpetitinpy  though  they  vary  as  to  the  num- 
bers and  proportions  of  the  substances  which  enter  into  the 
composition  of  this  rock,  always  afford  silica,  magnesia,  tind 
water  as  the  principal  constituents,  as  will  readily  be  seen 
beneath  (a.  Serpentine  ftom  Germantown,  by  Nutall ;  b.  from 
SkyttOTufa,  by  Hisinger;  c.  by  John*)  from  a  place  not  men- 
tioned) : 

^^  Silica 42-00 

^^K  Ma^nenia  3300 

^^V  Alnmina    0-00 

^^^B  Lime 3-50 

^^^^  Oxide  of  iron 7-00 

^^^^K  Oxide  of  manganese...     0-00 

^^^^r  Oxide  of  chrome   0-00 

^^^  Water 13-00 

■  We  may  here  remark,  that,  though  chrome  does  not  always 
constitute  one  of  the  ingredients  of  serpentine,  chroirmte  of  iron 
is  exceedingly  common  in  it  and  some  diallage  rocks.  The 
chrome  of  commerce,  so  extensively  used  in  the  preparation 
of  certain  paints,  seems  almost  entirely  to  he  thus  derived. 

It  is  by  no  means  easy  to  calculate  the  approximative  com- 
position of  diallage  ruck,  from  the  variable  nature  both  of  the 
diallage  and  felspar  of  which  it  is  composed.  Minerals  much 
resembling  each  other  in  appearance,  but  difiering  in  the  re- 
lative proportions  of  their  constituent  substances,  have  been 
named  diallage.  The  felspar  is  sometimes  compact,  at  others 
common,  and  is  not  unfrequently  an  albite.  According  to 
Berthier,  the  diallage  from  La  Spezia  contains, — Silica  47'2, 
magnesia  24**,  lime  13' J,  protoxide  of  iron  7"4,  alumina  3"7, 
and  water  3-2.  Albite  is  frequently  nnxed  wiUi  tlie  diallage 
in  the  same  country,  forming  diallage  rock.  Assuming  that 
the  rock  is  composed  of  two  fifths  ot  diallage  and  three  fifths 
of  albite,  which  is  not  an  uncommon  proportion  in  the  diallage 
rock  of  La  Spezia,  we  should  have  lor  the  chemical  contents 
of  ibis  rock, 


Silica 60-55 

AluTnina 1314 

Soda  5-97 

Magnesia OM 


Lime A-d7 

Oxides  of  iron 3'03 

Oxides  of  manganese    ...  0-07 

Water    1-28 


If,   instead  of  albite,   we  take  common  felspar  as  mixed 
with  diallage   in   diallage   rock,   in    ttie   proportion   of  two 
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Magnesia  8*13 

Oxide  of  iron 2-96 

W»tCT    106 


thirds  of  ihe  former  mineral  to  one  third  of  tlie  latter, 
obtain, 

Silica 58-42 

Alumina 13-86 

Potash   9-10 

Lime 4-87  i 

Though  the  foregoing  calculations  are  merely  approxima- 
tive imd  incomplete,  they  oeverlbeless  afibrd  data  for  many 
important  inferences.  To  enter  at  length  into  this  subject 
would  not  accord  with  the  plan  of  the  present  work.  It  may 
however  be  remarked,  that,  like  the  inferior  stratified  rocks, 
the  unstrolified  rocks  are  composed  of  a  few  simple  substances, 
variously  combined.  The  silicates  of  alumina,  potnsh,  soda, 
lime,  and  magnesia,  with  the  oxides  of  iron  and  manganese, 
constitute  the  chief  ingredients  of  the  rocks  under  considera- 
tion. In  the  granites  without  hornblende  the  silicates  of  alu* 
niinii,  ]>otnsh,  and  soda  prevail,  but  principally  the  two  former. 
Whtjii  hornblende  enters  into  the  composition  of  granite,  the 
silicutes  otlinte  aiul  nia^nebia  are  not  without  their  importance, 
particularly  wlien  hornblende  constitutes  at  least  one  third  of 
the  masH.  The  importance  of  the  silicates  of  lime  and  mag- 
nesia is  incrciised  in  the  greenstones,  and  in  a  large  portion 
of  the  biisults.  'I1ic  silicate  of  magnesia  is  in  excess  in  the 
hcr[)cnlirirs. 

Tin-  Illative  fusibility  of  the  rock  is  necessarily  determined 
by  ihf  rehilivc  proportions  of  the  above  noticed  ingredic 
containeil  in  it.     Tims,  when  silica  greatly  prevails,   it  is 
fractory ;  and  the  like  seems  to  occur  when  silicate  of  ma 
ncsift  is.  in  excess  (as  takes  place  in  the  serpentines)  without' 
the  presence  of  a  sufficient  quantity  of  any  substance,  such  as 
silicate  of  lime,  which  nvtiy  net  as  a  flux.     When  silicate  of 
lime  is  in  tolcmbte  (juantity,  the  rock  is  then  readily  fusible 
This  lakes  place  when  either  hornblende  or  augite  are  sn  ~ 
cientlynbundiint;  indeed  the  augitic  rocks,  which  cooloinj 
large  amount  of  silicate  of  lime*,  may  be  considered  as 
most  fusible. 

Alihotigh  a  large  proportion  of  the  unstratified  rocks  ml 
be  considered  ns  having  been  ejectefl  directly  from  benead 
all  stratified  rocks,  it  by  no  means  follows  that  .^ome  of  lh< 
tlo  not  consist  of  the  straljiied  rocks  fused  and  thrown 
In  fact,  the  composition  of  some  lavas  would  not  be  oppose 
to  this  inference.     That  the  inferior  stratified   I'ocks  coul 
readily  be  converted,  b}'  fusion,  into  many  of  the  unstratified' 
rocks,  is  sufliciently  apparent,  their  general  composition  being 
the  same.     The  conversion  of  some  of  the  fossiliferoas  rocks 

•  The  proporlioTi  of  lime  in  (he  minerals  known  under  the  common  xatat 
ol  aiigitc,  varies  in  the  diflcrcnl  analyses  from  13  lo  2!  per  cent. 
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lavas  atut  iiiihsUtnces  of  that  character  is  not  less  simple. 
W  we  abstract  a  lar«^e  prof)ortion  oi'  carbon  aiu!  iime,  the  fos-fl 
siliferous  rocks  appear,  in  a  great  measure,  derived  iVoiii  the 
degradation  or  chemical  destruction  of  the  inferior  stratified 
or  unstratiBed  rocks.     The  unequal  dispersion  of  the  materials 
so  derived  will  of  cuuri>e  produce  unequal  accumulations  of 
them  ;  so  that  a  collection  of  grains  of  tjuartz,  fonnin^?  a  sili-pJ 
ceous  sandstone,  would  be  highly  refractory.    But  suppose,  asT 
very  often  happens,  that  the  grains  of  quartz  are  cemented  byj 
calcareous  mailer  (no  consequence  whence  derived),  the  com-| 
pound  would  be  exceedingly  fusible.     Pumice  is  clearly  often' 
nothing  else  than  a  schistose  rock  sufficiently  heated  to  pro- 
<Iuce  the  necessary  vesicular  character,  the  heat  not  being  in- 
tense enou<;jli  to  cause  fusion.     The  pumice  of  the  volcanic^ 
district  of  the  Rhine  is  probably  the  grauwacke  schistii  of  that 
country  which  have  been  thus  circumstanced. 

Such  are  the  rocks  commonly  considered  unstratified.  It 
will  have  been  seen  that  they  so  pass  into  one  another  that 
distinctions  are  not  easily  established  between  tliem.  A  com- 
mon passage  of  diallage  rock  into  greenstone,  the  reason  for 
which  does  not  at  first  sight  seem  apparent,  will  be  seen, 
by  comparing  the  foregoing  calculations  respecting  these  two  • 
rocks,  to  be  jiroduced  by  a  very  small  difference  in  the  propor- 
tions of  the  substances  composing  them.  Mineralogical  granite 
passes  through  various  stages,  and  graduates  into  the  com- 
pounds named  greenstone,  and  others  of  the  trappean  class** 

•  Dr.  riibbert  nntiees  thn  passage  ofgranite  into  one  of  those  compound*', 
named  basalt,  (in  this  case  formed  of  an  intimate  mixture  of  hornblende  with 
a  small  proportion  of  fclspor,)  aa  taking  place  in  the  ShetlaDd  Islands.  A« 
tliis  autlior's  account  is  illustrative  of  such  changes  in  general,  it  umy  ad- 
vantagcouiily  find  a  place  here.  The  basalt  extends  from  tlie  lalaud  of , 
Mickle  Voe  northvrardii  to  Rociicss  Voc,  a  distance  of  twelve  miles.  On 
the  west  of  this  is  a  considerable  mass  of  granite.  The  tr.insition  is  thin 
described ;  "  Not  far  from  the  junction  we  may  find,  dispersed  tlirough  the 
basalt,  very  minute  particlcii.  of  quartz.  Thh  is  the  finl  indication  of  aa 
approaching  cbittige  in  the  naJture  of*  the  rock.  la  a^ain  tracing  it  still 
nearer  the  granite,  we  find  the  particles  ofrpmrtz  dispersed  through  the  ba- 
salt becoming  still  nmre  dttlinct,  more  numerous,  and  larger,  an  increase  of  | 
ma^itude  even  cxtendiug  lo  every  other  description  of  particles.  The  rock 
may  now  be  observed  to  consist  of  separate  ingredients  of  quartz,  hornblende, 
felspar,  and  greenstone ;  the  latter  substance  (greenstone)  being  a  homoge- 
neous commixture  of  hornblende  and  fuJspar.  Again,  a»  we  approach  still 
nearer  the  granite,  the  disseminated  portions  of  greenstone  disappear,  their 
place  being  supplied  by  an  additional  quantity  of  felspar  and  quartz.  The 
rock  now  consi!^ts  of  three  ingredients,  felspar,  quarti,  and  liomblendc.  The 
last  change  which  takes  place  results  from  the  still  increaHing  acciunulation 
of  quartz  and  felspar,  and  from  the  proportionate  tliminulioii  of  hornblende. 
The  hornblende  eventually  disappears,  and  we  have  a  well  characterized 
granite,  consisting  of  two  ingredients  of  felspar  and  quartz."  Hibbert, 
Brewster's  Ediu.  .lournal  of  Science,  vol.  i.  p.  107.  'I'he  same  author  also 
notices  a  passage  of  felspar  porphyry  into  griiuite  near  llilliswick  Ness. 
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Instead  also  ofbeintr  solely  mixed  with  rocks  of  the  oldest  di 
it  is  tbiintl,  amontj  the  Montflgnes  de  TOisans  (Western  Alps), 
cutting  throu^jii  and  superincumbent  upon  deposits,  refenible, 
according  to  M.  Elie  de  Beaumont,  to  the  oolitic  series*. 

Observations  of  the  same  kind  have  been  made  by  MM. 
Hus;i  and  Siuder  on  part  of  the  Swiss  Alps.  The  annexed 
figure  is  a  section,  by  M.  Hugi,  of  the  Biilzberg. 


Fig.  lis 


a,  limestunei>  and  slates, referred 
to  the  lias ;  b,  iriica  slate ;  c,  gneiss ; 
</,  granitic  rock-  Assuming  the 
section  to  be  correct,  llie  super- 
position of  the  crystalline  rocks,  in 
this  case,  is  evidenU  But  it  may 
hare  been  produced  in  two  ways: 
the  rock   {a)   considered    as   lias* 

may  have  been  quietly  deposited  upon  the  mica-slate  [b\  whi 
in  its  turn  reposed  on  the  gneiss  (c),  also  resting  on  the  grar 
rock  ((/),and  the  whole  may  have  been  thrown  over, — u  circi 
stiiuce  not  so  rare  as  may  be  supposed  in  great  mountain  chains; 
or  the  granitic  rock,  supposing  it  to  belong  to  the  class  now 
under  consideration,  may  liave  been  ejected  from  beneath,  thus 
overflowing  the  tbssillferous  beds,  and  altering  those  nearest 
to  it. 

If  ue  have  recourse  to  the  observations  of  M.  Studer  on  this 
part  of  the  Alps,  we  shall  find  that  the  former  opinion  is  mo$t 
probably  the  true  one,  at  least  in  the  greater  number  of  cases. 
The  annexed  figure  represents  his  section  of  the  Jungfrau, 

a,  limestones  and  slates, 
rei'erred  to  rocks  of  the  oo-  Fig.  1 1 4'. 

littcgroup;  b  d,  gneiss.  This  Jnngfrau. 

gneiss  is  described  as  com- 
posed of  talcose  mica,  white  /^t^M^^  Roihti 
or  brown  felspar,  with  little 
quartz ;  and  is  stated  to  os- 
cillate between  gneiss  and 
granite,  appearing  on  the 
large  scale  to  belong  rather 
to  the  lortner  than  the  latter. 
In  fact  it  seems  to  belong 
to  that  great  system  of  gneiss 
with  steatite,  talc,  or  talcose  mica,  constituting  a  large  |>or- 
tion  of  the  central  range  of  the  Alp.s,  and  not  unfrequently 
known  as  Proiogine.  As  a  mass,  the  rocks  equivalent  to  those 
of  tlie  oolitic  group,  rest  unconformably  on  the  mica  slate  aod 

•  EHo  dc  Beatumont,  sur  lea  Montognen  de  rOisans;  Mfm.  de  la  Sot. 
d"flist.  Nat.  de  Paris,  lorn.  v. ;  a:i  «lso  Sections  and  Views  iliustiaUve  of  Geo- 
logical I'hafnomctia,  pi.  la. 
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gneiss  of  the  Alps,  though  of  course  there  must  be  numerous 
sections  where  the  planer  of  the  beds  of  the  two  rocks  are  pa- 
rallel to  each  other.  Such  being  the  case,  a  deposit  of  lime- 
stones and  slates  on  an  une<|ual  surface  of  gneiss  would  neces- 
sarily mould  itself  on  the  latter,  filling  up  the  cavities,  as  often 
happens  with  other  rocks  similarly  circumstanced.  It  hence 
follows  that  if  the  gneiss  be  upraised  by  a  force  acting  along 
the  central  range  of  the  Alps,  the  limestones  and  slates  would 
be  tilted  up  at  the  same  time,  so  that  the  whole,  when  viewed 
as  it  now  appears,  would  have  the  aspect  of  gneiss  and  fossili- 
ferous  limestones  reciprocally  protruded  into  each  other,  irl 
tlie  reader  will  place  the  section  of  the  Jungfrau  before  him, 
in  such  a  manner  that  the  limestone  and  slates  become  hori- 
zontal, he  will  perceive  how  easily  they  may  have  been  moulded 
on  the  gneiss.  If  another  very  interesting  section  by  M.  Slu- 
der,  representing  five  horizontal  and  reciprocal  protrusions  of 
gneiss  and  limestones  into  each  other  at  the  Gstellihorn,  be  also 
so  turned  that  the  gneiss  is  beneath  and  the  limestone  abovc^ 
the  former  rise  in  peaks  into  the  latter.  We  must  here  re- 
mark the  uncertainty  of  many  sections  of  this  kind,  however 
clearly  the  lines  of  separation  may  be  exhibited  on  the  face  of 
a  huge  precipice,  as  this  is ;  for  it  is  well  known  to  all  accus- 
tomed to  examine  disturbed  districts,  where  unconformable 
rocks  have  been  lilted  up  together,  that  nuturnl  lines  of  section 
•ften  cause  a  large  mass  of  inlerior  rock  to  appear  included 
in  the  superior  beds,  when  in  fact  such  apjwarance  is  entirely 
deceptive.  This  arises  from  a  portion  of  the  older  rock  pro- 
jecting into  ilie  newer  rock,  having  been  accidentally  cut 
through  in  the  line  of  section.  If  fortunate  sections  were  made 
through  the  upper  uneven  surface  of  the  chalk  in  many  parts 

■  of  England  and  France,  where  this  rock  pj-ojecis  in  pinnacJes 
and  ridges  into  the  plastic  clay,  or  beds  of  that  character,  we 
should  have  such  deceptive  appearances ;  and  if  both  rocks 
were  lilted  up  at  right  angles  to  their  former  position,  the  result 
J      would  be  a  section  not  differing  in  appearance,  though  greatly 
^ft  in  magnitude,  from  the  Alpine  sections  above  noticed. 
^m       M.  Studer  considers  these  appearances  to  have  arisen  from 
the  breaks  and  contortions  of  the  limestones  and  gneiss  when 
the  whole  was  upraised.  This,  which  is  also  a  probable  expla- 
nation of  ihe  phienomena,  might  be  ascertained  by  a  careful 
examination  of  the  relative  stratification  of  the  two  rocks*. 

While,  however,  we  take  this  view  of  the  subject,  we  must 
not  neglect  facts  which  may  be  thought  to  support  the  hypo- 
thesis, that  the  crystalline  rocks  have  been  protruded  in  a 

•  Stiider,  Bitllctiu  de  la  Society  G£ologiqiic  dc  France,  U  ii.  p.  03.  pi.  1 . 
figs.  2  and  3. 
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healed  state  anioiig  the'calcareous  strata.  The  calcareous 
intermingled  with  the  gneiss  of  the  Tossenhoru  are  observed 
be dolomilic,and  in  certain  cases  crystalline*.  The  beds  whicff 
rest  on  the  gneiss  at  the  Jungfrau  occur  in  the  foliowing  a&* 
cending  order: — 1.  compact  dolomite,  30  feet;  2.  quartz  roi 
associated  with  variegated  argillaceous  schist,  15  feet;  3.  oolii 
iron  ore;  ♦.  limestone,  generally  black,  gray,  and  schisto: 
The  limestone  and  iron  ore  contain  numerous  organic  remai: 
consiilered  as  referrible  to  those  of  the  oolitic  group.  It 
be  supposed  that  the  lowest  of  the  calcareous  beds  were  to 
certain  extent  altered,  but  this  can  scarcely  be  considered 
a  siifHcient  explanation.  Moreover,  M.  Studer  remarks  that 
in  the  Roththal,  where  the  gneiss  covers  the  limestone  series, 
tliere  is,  though  the  contact  of  the  two  rocks  is  well  exposed, 
no  appearance  whatever  of  their  having  produced  any  efTect 
on  each  other. 

Whether  or  not  granite  is  to  be  considered  as  having  be«|^H 
intruiled  among  the  limestones  of  the  Bernese  Alps,  it  has  n^^ 
ready  been  seen  that  it  covers  the  chalk  of  Weiubohla,  whence 
it  may  be  inferred  that  granite  was  produced  at  the  supracre- 
taceous  epoch.     Assuming  therefore  that  the  evidence  is  good, 
we  should  expect  to  find  granitic  rocks  traversing  or  sufieri 
cumbeut  upon  beds  of  all  ages,  from  die  inferior  stratified 
the  cretaceous  inclusive.     The  superposition  of  granitic  roci 
to  fossiliferous  limestone  has  long  since  been  remarketl  by  Vi 
Buch  in  Norway,  and  by  Dr.  Macculloch  in  the  Isle  of  Sky. 
Similar  rocks  have  also  been  noticed  as  incumbent  on  thos^^ 
of  the  age  of  either  the  oolitic  or  cretaceous  series  at  Predazi^^| 
Respecting  the  latter.  Sir  J.  Herschel  observes,  that  where  ib^^ 
dolomite  plunges  beneath  the  granitic  rock  at  Canzocoli,  at  aa 
angle  of  50'*  to  60',  both  rocks  appear  altered,  and  that  tbei^^H 
are  lamina?  of  serpentine  between  the  twof.  ^H 

The  contact  of  the  granite  with  the  oolitic  rocks  of  Brora 
is  attributed  by  Pruf.  Sedgwick  and  Mr.  Murchison  to 
elevation  of  the  granite  in  maSvS,  which  is  supposed  to  h 
turned  up  the  edges  of  the  oolitic  tieposit:}:.     The  same 
ihors  have  also  remarked  a  very  curious  occurrence  of  grani 
and  limestone  on  the  north  coast  of  Caithness,  near  Sandside, 
where  the  granite  appears  dirust  up  among  the  limestones,  and 
u  breccia  has  been  produced  containing  fragments  of  limestone 
and  granite.     The  cement  of  this  breccia  is  described  as  gene- 
rally granitic,  though  it  is  calcareous  in  some  places,  and  ap- 
proaches a  sandstone  in  others.     One  great  block  of  limestone 

•  M.  von  Dcchen  states  tlmt  the  liiiipstonc  of  these  protruding  wedges 
contains  lamiiisr  of  talc— Gennaii  Tran»I.  of  Manuni,  p.  552. 
I  Herschet,  Edinburgh  Journal  of  Science,  vol.  iii. 
X  Sedgwick  and  Murchison,  Gl-oL  Trans,  vol.  ii,  pi.  34. 
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is  noticed  as  appareiilly  entangled  in  the  granite.  Tlie  lime- 
stone  beds  on  the  eastern  side  are  stated  not  to  be  much  dis* 
turbed,  while  those  on  the  western  side  are  in  the  utmost  con- 
fusion, and,  which  are  important circuinstxuices,  crystalline  and 
cellular*. 

Thus  far  we  have  only  seen  granite  rising  through  and 
covering  other  rocks  in  considerable  masses;  but  we  have 
also  evidence  in  granite  veins,  that  the  matter  of  the  rock 
was  in  such  a  state  of  fusiion,  as  to  penetrate  into  thin  clefts 
opened  in  stratified  and  older  rocks  by  some  violence,  such  as 
probably  resultetl  from  the  upburst  of  the  igneous  matter  ac- 
companied by  elastic  vapours.  If  we  imagine  fractures  to  be 
suddenly  produced  in  contact  with  a  ma^s  of  rock  in  fusion, 
such  as  we  may  presume  granite  to  have  been,  the  natural  re- 
sult would  be  the  injection  of  the  subittance  in  fusion  into  all 
the  crevices,  in  consequence  of  the  great  pressure  exerted  on 
one  side ;  the  intruding  substance  breaking  ofl'  and  including 
in  it  all  loose  fragments,  and  those  projecting  portions  which 
opposed  the  fury  of  the  injection.  This  is  precisely  the  con- 
dition of  granite  veins,  which,  though  much  doubted  during 
the  reign  of  the  Wernerian  theory,  are  now  known  to  be 
Bbuudant  in  nature. 

Glen  Tilt,  which  is  reported  to  have  produced  such  delight 
in  Hutton  when  viewed  by  him  for  the  lirst  lime,  presents  ex- 
cellent examples  of  the  intrusion  of  granite  veins  into  other  and 
stratified  rocks.  The  great  fi^alures  consist  of  a  mass  of  gra- 
nite on  the  northern  side  of  the  glen,  and  of  schist  and  lime- 
stone on  the  southern  i  from  the  former,  veins  issue  in  all  di- 
rections, disturbing  and  intermingling  with  the  latter  in  such  a 
complicated  manner,  as  to  render  a  description  useless  without 
the  aid  of  maps  and  sections,  for  which,  and  for  a  detail  of  the 
various  singular  phicnomena  observable  in  Glen  Tilt,  the  stu- 
dent must  be  referred  to  the  memoirs  of  Lord  Webb  iSeymour, 
Prof.  PI  ay  fair  f,  and  Dr.  MacculiochJ. 

Granite  veins  traversing  the  stratified  rocks  are  now  known 
in  various  parts  of  the  world.  Some  fine  examples  are  to  be 
observed  in  the  district  of  the  Land's  End ;  among  them  one  at 
Cape  Cornwall  shows  that  there  has  been  a  shift  or  fault  in  the 
slate  rocks,  for  a  quartz  vein  has  been  cut  through,  and  ele- 
vated more  on  one  side  than  the  other,  thus  proving  that  force 
has  been  employed  $.     At  Mousehole  the  veins  can  be  seen  to 


•  Sedgwick  and  Miircbison,  GpoI.  Trans,  vol.  iii.  p.  132, 

t  Trans,  of  Royal  Sor.  of  Edinburgh,  vol,  vii, 

J  Geo!.  Transacliuiis,  1st  Sericji,  vol.  iii. 

f  Ocyiihausen  und  Van  Dcchcn,  I'hil.  Mag.  and  Antiali  of  Philosophy, 
1 820 ;  also  Sectiotis  and  Views  illustrative  of  Geological  Phenomena,  pi.  17. 
fig.  4. 
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proceed  from  tlte  main  body  of  the  granite*.  In  the  Alps  they 
also  proceed  from  masses  of  granite,  which  appear  to  have 
much  influenced  the  present  position  of  strata  in  parts  of  those 
mountains,  as  lias  been  shown  by  M.  Neckcr  de  Saussuref. 
They  traverse  gneiss  in  the  Vallce  de  V^'allorsine,  as  also  at  the 
head  of  the  lake  of  Conio.  It  is  curious  that  in  the  Hartz, 
once  considered  as  beautifully  illustrating  the  Wemerian  the- 
ory of  granite,  masses  of  granite  cut  through  the  direction  of 
the  clay  slate  and  grauwacke  nearly  at  right  angles,  sending 
off  veins.  At  the  Rosstrnppe  and  at  the  Rehberg  Graben,  on 
the  south  side  of  the  Brocken,  granite  veins  clearly  run  into 
the  clay  slate  and  grauwacke.  Few  circumstances  can  more 
clearly  prove  how  a  leading  theory  may  pervert  the  judge- 
ment, and  thus  cause  the  misrepresentation  of  fact:!.  Ac- 
cording to  M.  Dufrenoy,  the  granite  veins  in  the  vicinity  of 
St.  Paul  de  Fenouillet  (Pyrenees)  occur  in  limestones  refer- 
rible  to  the  age  of  the  cretaceous  group.  These  limestones 
become  more  and  mt»re  crystalline  as  they  approach  the  gra- 
nitic masses  |. 

Granite  veins  are  not  confined  to  Europe,  but  are  found  cut- 
ting and  including  portions  of  slate  rocks  at  the  Cape  of  Good 
Hope,  as  has  been  shown  by  Captain  Basil  Hall  and  Dr.  Clarke 
Abel^.  In  America  also  they  h.ive  been  observed  by  Mr. 
Hitchcock  traversing  mica  slate,  hornblende  slate,  limestone 
(described  as  of  a  peculiar  character),  gneiss,  and  granite  in 
Connecticut;  the  veins  frecjuenily  branching  out  in  various  di- 
rections ||.  Granite  veins  therefore  cannot  be  considered  as 
rare;  on  the  contrary,  they  would  appear  sufficiently  common 
when  circumstances  permit  good  sections  of  the  junctions  of 
the  granitic  mass,  and  of  the  rocks  among  which  they  appear 
intruded.  We  should  expect  these  veins  to  be  of  various  dates, 
and  accordingly  we  find  that  masses  of  granite  are  themselves 
traversed  by  veins,  also  of  granite. 

The  exact  composition  ol  tiie  granite  in  these  veins  must 
naturally  vary,  depending  much  on  local  circumstances ;  for  if 
we  suppose  a  substance  in  fusion  to  be  injected  into  fissures 
of  rocks,  such  injected  matter  will  be  subjected  to  different 
conditions.  Where  the  fused  substance  cooled  more  suddenly, 
a.s  was  likely  to  be  the  case  in  the  distant  and  smaller  fissures^ 


•  Sections  and  Views  illustrative  of  Geolngicpl  Plitrnomena,  fig.  7». 
t  Necker  de  i>QUssUTc,  siir  le  ^'aIl(■t  de  Vallursinf;  Mfin.  de  la  Soc.  de 
Physiquf  et  d'Hisl.  Nat.de  Geneve. 

I  DufrtTioy,  Bull,  de  la  .Soc.  (»eol.  de  France,  I.  ii.  p.  71. 

{  Basil  Hall,  Transactioim  of  tlie  Royal  Soc.  uf  Edinburgh,  vol.  vii. ;  and 
C'larko  .Abel'H  Voyafje  to  China. 

II  Hilchcuck,  On  t1icGeolog\  of  Coimecticul,  Amrricaii  Juurnalori>ciriicr, 
vol.  vi. 
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ie  result  would  be  less  crystalline ;  while  in  the  wider  clefts, 
and  near  the  great  heated  mass,  the  crystallization  would  be 
more  perfect,  and  bear  the  greatest  resemblance  to  the  parent 
mass.     Conseijuentlvt  in  a  system  of  granile  veins  we  should 

I  expect  a  great  diversity  in  the  aspect  of  the  granitic  matter, 
which  generally  a|ipears  to  be  ihe  case. 
The  trappean  rocks,  though  there  is  much  difficulty  in  se- 
parating them  from  the  granitic,  may  for  convenience  be  con- 
sidered separately  from  them.  They  also  form  constilcrable 
masses,  and  constitute  dykes  and  veins.  When  considered  in 
the  mass,  they  may  be  regarded  as  containing  much  less  mica 

>than  the  granitic  rocks,  while  hornblende  has  become  much 
more  abundant ;  they  also,  when  viewed  on  the  large  scale, 
appear  more  abuiutanlly  among  the  comparatively  modern 
deposits  than  the  granites,  though  it  cannot  be  denied  that  they 
run  into  the  latter  in  a  j-emarkable  manner.  If  this  opinion  of 
the  greater  prevalence  of  the  granitic  rocks  over  the  trnppean 
at  the  earliest  periods  be  correct,  it  would  seem  to  point  to  a 
certain  condition  of  things  at  such  periods,  which  subsequently 
became  so  modified  thai  the  igneous  eruptions  became  altered. 
Of  what  that  condition  of  things  may  have  been,  we  do  not  as  yet 

•  appear  to  have  any  very  definite  ideas,  and  we  obtain  little  help 
on  the  subject  from  the  phsenomcna  of  modern  volcanos,  gra- 
nite never  having  been  known  to  flow  from  them.  We  however 
learn  from  this  circumstance  that  igneous  eruptions  into  the 
atmosphere  are  not  favourable  to  the  production  of  granites; 
and  we  may  consequently  infer,  that  the  conditions  under  which 
granite  was  produced  were  not  similar  to  those  which  we  now 
observe  on  the  surface  of  the  earth,  at  least  so  far  as  relates  to 
those  pheenomena  which  occur  in  the  atmosphere.  We  do 
not  exactly  see  why  a  difference  of  pressure  beneath  water, 
or  any  cause  of  that  kind,  should  render  mica  less  abundant, 
or  increase  the  quantity  of  hornblende;  and  therefore  we  may 
infer  that  there  was  something  in  the  then  condition  of  our 
planet's  surface,  which  permitted  the  production  of  that  great 
abundance  of  granite  so  commonly  associated  with  the  earliest 
stratified  rocks  with  which  we  are  acquainted,  and  which  fre- 
quently differ  from  it  only  in  being  stratified,  or  having  the 
component  minerals  arranged  in  laminae. 

Admitting  this  prevalence  of  granitic  compounds  at  the  ear- 
liest periods,  their  production  at  more  recent  epochs  shows 
that  the  conditions  necessary  for  their  formation  continued  up 
to  such  epochs,  though  they  may  have  been  infinitely  more 
rare,  having  in  a  great  measure  given  place  to  those  under 
which  the  more  common  trnppean  rocks  were  producetl. 

Trappean  rocks,  under  their  various  modifications,  are  so 
common  in  nature,  that  to  attempt  a  notice  of  localities  would 
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composition  of  the  rock  varying  materially,  even  in  the  dyke 
itself,  as  we  might  expect  irom  differences  in  the  cooling  and 
pressure,  so  that  the  central  parts  are  not  unfrequently  moi^^ 
crystalline  than  the  sides  *.  ^H 

There  is  good  evidence  of  the  great  mechanical  force  whid^i 
has  been  exerted  on  the  stratified  rocks,  as  has  been  already 
pointed  out  in  tlie  North  of  Ireland,  where  large  disrupted 
masses  have  been  caugiit  up  in  the  igneous  matter;  similar 

Shsenomena  have  also  been  noticed  by  Dr.  MaccuUoch  and 
Ir.  Murchison  in  the  Western  Islands  of  Scotland,  the  dis- 
rupted and  included  rocks  being  in  tlie  latter  coses  of  an  oldet 
date  than  those  fractured  in  Northern  Ireland  f . 

The  annexed  figure  will  illus- 
trate a  considerable  fracture  and 
alteration  in  the  limestones  at  the 
Black  Head,  Babbacombe  Bay, 
Devon,  efiected  by  the  eruption 
of  greenstone,  which,  though  it 
overlies  the  limestones  in  this 
section,  occurs  beneath  them  nut 

far  distant,     a,  argillcMralcareous  slate,  traversed  by  veins  < 
calcareous  spar,  and  occasionally  indurated,     b  Z>,  limestone 
which  have  become  semi-crystalline;  they  have  also,  judgic 
from  lines  of  colour,  been  once  more  fissile  than  at  present 
c,  a  slate,  with  a  thin  bed  of  reddish  limestone  {e).  This  slate  is 
apparently  much  altered,     d  d,  greenstone  and  its  varieties, 
constituting  the  mass  of  the  hill,  and  traversed  by  calcareous 
veins  near  the  limestones.    /]/,  lines  of  fracture  which  divide 
the  limestones  and  slates  into  tliree  masses.     The  slates  and 
limestones  have  evidently  suffered,  not  only  from  the  mecha- 
nical action  of  the  erupted  greenstone,  but  also  chemically 


•  One  of  th*  longest  dykes  with  which  wc  are  acquainted  is  that  drtcril 
by  Prof.  Sedgwick  in  hi*  memoir  on  those  of  Yorkshire  and  Durham.    It : 
very  probahly  contitiued  from  "  High  Teesdale  to  the  confines  ofllic  easten 
coaat,  a  distance  of  mure  tlian  aixty  miles.''     During  tliis  traverse  it  cuts  l' 
coal-meeaurcs,  red  sandntone,  and  Mas, — Cambridge  Khii.  Trans.,  vol.  ii.  p. 3l1 
and  Seclions  and  Views  illustrative  of  Geological  Phixnomena,  pi.  14. 

Archdeacon  Verschoyle  notices  mnny  east  and  we^t  trap  dykes  in 
counties  of  Sligo  nnd  Mayo,  one  of  which  can  be  traced  for  sLxty  or  levent 
miles,  and  probably  cvtcnds  to  greater  length.     These  dykes  cut  through  i 
the  stratified  rocks  in  that  part  of  Ireland^  from  the  gneiss  to  the  carbonif«-| 
rails  limestone  inclusive, — Proceedings  of  the  Geol.  Soc,  Nov.  21,  1832. 

f  MaccuUoch,  On  tlie  Western  Islands  of  Scotland.  Several  of  the  sec- 
tions contained  in  this  work  are  copied  into  Sections  and  Views  illustrariw 
of  Geological  PliJEnomcna,  for  the  jjurpose  of  exhibiting  the  various  model 
in  which  trappean  are  associated  with  stratiAed  rocks  in  the  Hebrides.  Mr.. 
Murchison  has  represented  frugmeii  ts  of  the  oolitic  series  of  the  same  iiUnd 
as  caught  up  in  the  trap  of  the  smithem  side  of  Mull. — Geol.  Traas.  2ad 
Series,  vol.  li.  pi.  35. 
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from  the  proximity  of  the  mass  in  a  state  of  iorneous  fusion. 
Notwithstanding  the  general  pressure  preventing  the  disen- 
gagement of  the  carbonic  acid  contained  in  the  limestones, 
some  elementary  substances  have  been  given  off,  aiiJ  filled 
crevices  and  cracks  in  the  trappean  mass  above  with  carbonate 
of  lime.  The  alterations  of  limestone  in  contact  vk-ith  trappean 
rocks  is  sufficiently  common,  iiroducitig  a  greater  or  less 
amount  o^  cry>!tallization,  in  accordance  with  ihe  well-known 
experiments  of  Sir  James  Hall  *»  who  has  proved  that  carbo- 
nate of  lime  when  subjected  to  great  heat  beneath  sufficient 
pressure,  does  not  part  with  its  carbonic  acid,  but  that  it  is 
fuse<l  and  is  rendered  crystalline, — a  fact  previously  doubted. 

The  alteration  of  limestones  and  trap  at  their  contact  would 
not  always  appear  to  be  confinetl  to  a  crystalline  arrangement  in 
the  parts  of  the  former  ;  for  Dr.  Macculloch  has  observed  trap 
to  become  changed  into  serpentine  at  the  point  of  contact  with 
limestone,  at  Clunie  in  Perthshire.  A  trap  vein  traverses 
limestone,  and  the  rock  is  noticed  as  a  kind  of  greenstone,  the 

f greater  part  of  which  is  moderately  coarse,  passing  into  lamei- 
ar  towards  the  sides.  This  (lamellar)  structure  "gradually 
becomes  more  distinct  towards  the  edges  of  the  vein,  where  it 
frequently  splits  off  by  the  process  of  decomposition  into  la- 
mintE,  resembling,  on  a  cursory  view,  black  slate.  These 
lamtnce  are  often  intersected  by  other  cross  fissures,  dividing 
the  whole  into  cuboidal  masses,  which  sometimes  decompose 
still  further  into  spheroidal  forms,  during  the  approximation 
to  the  calcareous  boundary  ;  and  whether  the  laminae  are  pre- 
sent or  not,  the  texture  becomes  gradually  finer  and  softer,  the 
rock  still  retaining  its  black  colour,  or  sometimes  assuming  a 
greenish  cast.  At  length  the  observer  finds  the  vein  converted 
nnder  his  hand  into  serpentine,  without  being  at  first  aware 
that  any  change  has  been  brought  aboutf."  Thus  the  transi- 
tion from  greenstone  to  serpentine  can  gradually  be  traced, 
but  only  where  the  vein  traverses  the  limestone;  for  where  the 
continuation  of  the  same  vein  cuts  through  schist  and  con- 
glomerate, no  such  change  is  observable.  The  trap  is  much 
entangled,  in  the  small  scale,  with  the  limestone,  and  the  mi- 
nuter ramifications  from  the  vein  are  entirely  composed  of  ser- 
pentine. The  limestone  does  not  pass  into  the  serpentine ;  on 
the  contrary,  the  line  of  separation  is  described  as  well  defined. 
Veins  of  green  asbestos  and  steatite  occur  in  the  serpentine. 
Dr.  Macculloch  also  states  that  the  trap  veins  traversing  the 
calcareous  sandstone  at  Strathaird  abound  in  steatite,  lound 
in  the  outer  parts  of  the  vein,  and  approaching  the  calcareous 

H      •  Sir  James  Hall,  Trans,  ol'  the  Royal  Soc.  of  Edinburgh,  vol.  vi. 
^1      t  MaccuUoch,  Brewster's  Ldin.  Journal  of  Scitnce,  vol.  i.  p.  1. 
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rock.  The  same  nmhor  observes,  that  the  imp  vein  which 
triiverscs  the  white  marble  of  Strath  passes  into  scrjx:ntine  nt 
its  outer  edges,  as  at  C'luiiie.  "  At  the  line  of  contact,  n  zone 
of  transparent  serpentine  of  a  fine  oil-green  colour,  is  found 
intermixed  with  the  limestone*." 

The  above  is  sullicieiit  to  show  that  trap  uniler  certain  con- 
ditions may  pfiss  into  serpentine,  ^\'e  have  now  to  consider 
dykes  .ind  masses  of  serpentine  ant!  diallage  rock  which  occur 
under  circumstances  analogous  to  those  of  the  trap  rocks.  Mr. 
Lyell  has  tfcscrtbed  a  serjientine  dyke  which  cuts  through  * 
sandstone  (eijiiivalent  either  to  grauwacke  or  the  old  red  sand- 
.stone),  near  West  Balloch  Farm,  in  Forfarshire.  The  ph.t>no* 
menu  can  be  well  observed  where  the  tlyke  traverses  tlie  Carity. 
TIte  serpentine  dyke  is  ninety  feet  thick,  nearly  vertical,  au 
ranges  east  and  west.  It  is  stated  to  be  llanketi  in  part  by  t 
hard  compact  rock,  about  three  yards  thick,  standing  vertically 
and  forming  a  jwrting  wall  between  tlie  sandstone  and  the  ser- 
pentine. "This  rock  consists  of  equal  parts  of  green  serpen- 
tine and  nn  imhirated  brick-coloured  rock,  hanler  than  ser- 
pentine, and  sometimes  passing  into  jasper."  The  serjicntine 
is  also  described  as  bountJcd,  on  the  left  bank  of  the  Carity, 
bv  *'  n:  vertical  mass  of  sandstone  conglomerate,  evidently  much 
altere<l,  about  five  yards  thick.  Some  parts  of  this  rock  ap- 
proach jasper  in  hardness  and  appearance."  But  tJie  most 
interesting  fart  connected  with  this  altered  conglomerate  is, 
that  the  quartz  pebbles  contained  in  it  have  been  fractured  and 
reunited, — a  circumstance  also  noticed  by  Mr.  Lyell  in  a  con- 
glomerate flanking  a  greenstone  dyke  on  the  Isia,  also  in  For- 
farshire. This  fracture  of  the  cjuartz  pebbles  is  precisely  what 
we  should  expect  from  a  sudden  application  of  heat,  and  would 
speak  strongly  in  favour  of  the  once  igneous  fusion  of  the  ser- 
pentine in  the  dyke,  if  any  evidence  were  wanting,  l^hat  com- 
mon association  of  serpentine  with  greenstone  is  here  also  ob- 
servable, the  dyke  being  bordered  on  the  right  side  of  the  Ca- 
rity by  a  fine-graineil  rock  of  tfjat  kind.  The  dyke  can  be 
traced  at  interval  for  at  least  .fourteen  miles,  stretching  in  a 
straight  line  Ironi  Cortachie  to  Buniff. 

The  serpentine  and  diallage  rocks  of  Lignria  are  particularly 
instructive,  as  they  occur  under  a  variety  of  forms,  and  appear 
connected  with  the  disturbed  condition  of  the  strata  in  tbit 
country-  These  rocks  pass  into  each  other  in  all  directions, 
and  into  those  of  a  trappean  character  (Levanto).  Between 
Braco  and  Malanara  the  student  may  observe  them  will) 
perfect  ease,  on  the  high  road  from  Genoa  to  Florence,  cul- 


•  Maccullocli,  Hrewsler'a  Edin.  Joiirn.  of  Science,  vol.  i 
t  Lyi'll.  Brewster's  Edia.  Jounu  of  Science,  vol.  iii. 
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irotigU  the  limestone  and  slate  as  a  dyke,  insinuatetl  be- 
tween the  strata,  so  as  to  seem  intcrstratified,  and  constituting 
an  enormous  moss,  apparently  thnist  upwards.  The  whole 
district  is  full  of  interesting  facts  of  this  nature. 

If  it  has  been  correctly  determined  that  the  limestones  of 
La  Spezia  are  of  the  age  of  the  oolitic  groups  of  England, 
France,  and  Germany,  the  serpentine  and  dialiage  rocks  of 
southern  Liguria  have  been  erupted  since  that  period ;  for  the 
Ila  Spezia  limestones  and  their  associated  deposits  have  been 
upheaved,  contorted,  and  cut  through  by  them.  Possibly  also 
the  date  of  their  intrusion  may  even  be  later,  and  of  tlie  supra- 
cretaceous  period,  for  the  lignite  deposits  ot  Caniparola,  near 
Sarzana,  are  thrown  into  a  vertical  position,  and  1  did  not  de- 
tect any  serpentine  or  diallage  rock  pebbles  among  their  asso- 
ciated conglomerates ;  this  latter  date,  however,  must  l>e  con- 
sidered uncertain,  for  the  serpentine  rocks  are  not  observed  lo 
be  actually  intnidcd  among  the  supracretaceous  deposits. 

At  Capo  Mesco,  between  Levanlo  ami  Monte  Rosso,  gray 
schist  and  a  compact  calcareo-siliccous  sandstone  (one  of  the 
Italian  maciti?ios)  are  broken  into  faults  by  a  mass  of  seipen- 
tine  and  diallage  rock,  which  branches  from  a  larger  mass  at 
Levanto.  The  valley  of  Kochelta,  near  Borghetto,  has  at- 
tracted much  attention  since  it  was  noticed  by  M.  Brongniart*. 
It  shows  the  intrusion  of  the  serpentine  and  diallage  rocks 
(which  here  also  pass  into  each  other  in  various  ways)  among 
stratified  rocks,  similar  to  those  which  are  observed  at  Cajx) 
Mesco.  At  the  entrance  into  the  valley,  the  sandstone  is  seen 
dipping  at  a  considerable  angle  and  resting  upon  gray  lime- 
stone and  schist,  which  are  supported  by  serpentine.  The  ser- 
pentiiie  then  passes  over  contorted  gray  hmestone  and  schist, 
and  occupies  a  considerable  poition  of  the  valley,  mixed  with 
diallage  rock,  until  the  latter  pretlominating  to  the  exclusion 
of  xha  serpentine,  the  mass  rests  on  beds  of  red  and  green  jas- 
per, having  the  same  dip  as  the  samlstones  at  the  entrance  of 
the  valley.  These  jasper  beds  repose  on  contorted  gray  lime- 
stone and  schist,  on  the  left  bunk  of  the  river  anil  opposite 
Rochetta.  l"he  jasper  beds  have  sometimes  been  considered 
as  a  subordinate  part  of  the  serpentine:  that  it  may  be  an  al- 
tereil  rock  is  very  possible;  but  I  do  not  imagine  it  can  be  re- 
garded as  a  portion  of  the  unstratified  mass  of  the  diallage  rock 
and  serpentine,  more  particularly  as  similar  jaspers  occur 
among  the  limestones  in  the  gulf  of  La  Spezia,  not  far  Irom 
Lerici,  intcrstratified  with  tlieni  and  distant  from  either  ser- 
pentine or  diallage  rock. 

The  mass  of  serpentine  and  diallage  rock  which  constitutes 

•  Annalc«  iea  Mines,  1821 
2  h2 
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the  Monte  Ferrato,  north  of  Prato,  in  Tuscany,  rests  also  upon 
straii/ied  jasper  on  the  west,  and  this  again  upon  a  schUlow 
rock  bniied  on  limestone:  this  also  appears  an  accidental  cir« 
cumstance,  for  jasper  is  inlerstralified  with  brown  shale  at 
Pactana  on  the  opposite  side  of  the  mountain,  where  it  is  not 
in  contact  with  the  serpentine.  The  diallage  rock  and  ser* 
pentine  here  also  pitss  into  each  other  in  all  directions,  and 
one  variety  of  the  former  is  worked  for  millstones.  The  whole 
seems  a  mass  ejected  from  beneath,  which  has  overflowed  tJie 
stratified  rocks,  appearing  to  cut  through  them  on  the  nortii* 
ward,  beyond  the  north-west  knoll,  where  there  is  a  good  sec- 
tion of  the  serpcntinous  mass  resting  on  tlie  jaspers,  slates, 
and  lirae».tones. 

At  the  Lizard,  Cornwall,  there  is  a  well  known  mass  of  ser- 
pentine, which  seenis  intimately  connecied  with  greenstones: 
unfortunately,  however,  from  its  position,  we  do  not  obtjiin 
any  clear  iilea  of  its  relative  date*. 

The  volcanic  rocks,  at  least  such  as  have  been  considered 
ihe  protlucts  of  what  are  commonly  termed  modern  and  ex- 
tinct volcaiios,  have  already  been  noticed ;  therefore  a  slale- 
nient  of  their  general  characters  need  not  be  repeated. 

If  we  regnrtl  these  various  igneous  products  as  a  mass  of 
matter  which  has  successively,  and  during  the  lapse  of  all  that 
time  comprehended  between  the  earliest  tbrmalion  of  the  stra- 
tified rocks  and  the  present  day,  been  ejected  from  the  interior 
of  the  earth,  we  shall  be  struck  with  certain  diflerences  of  these 
rocks  on  the  great  scale,  which  has  led  to  their  practical  ar- 
rangement under  the  heads  of  granitic,  irappean,  «erpentinou$, 
and  volcanic  products,  as  above  noticed-  The  two  former  and 
the  last  occur  most  abundantly,  whilst  the  third  is  comparatively 
more  scarce,  though  sufficiently  common  in  nature. 

It  has  been  generally  consideretl  that  the  mineralogical  cha- 
racter of  igneous  rocks  has  changed  during  the  deposit  of  the 
stratified  rocks,  through  which  they  have  more  or  less  forced 
their  way ;  thai  is,  we  do  not  find  granite  and  serjientine  flow- 
ing from  modern  volcanos,  nor  trachite  nor  leucitic  lavas  inti- 
mately associated  with  the  oldest  strata  in  such  a  manner,  that 
their  relative  differences  of  age  could  not  be  very  considerable. 
Admitting  that  true  miner aTogic.il  granite  may  be  reckoned 
among  the  products  of  the  supracrelaceous  period,  the  mass  of 
granite  is  associated  with  the  oldest  rocks,  even  omitting  ail 
consideration  of  the  gneiss,  composed  of  the  same  minerals 
and  probably  of  exactly  the  same  amount  of  elementary  sub- 
stances.    The  same  with  those  igneous  coin})uunds  into  which 

•  For  descriptions  of  tliis  Jistnct,  caiiKult  the  mprnoirs  of  Prof.  Sed^icl, 
Cambridge  Phil.  Tiuns.  vol.  i. ;  of  Mr.  Mogeiidie,  Trans.  Ceol.  Soc.  of  Corn- 
wall, vol.  L;  and  of  Mr.  Rogers,  some  work,  voL  ii. 
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angite  largely  enters,  which  abound  in  the  more  recent  pro- 
ducts, while  certainly  they  are  scarce,  if  they  be  not  altogether 
absent,  among  the  older  rocks  of  an  igneous  origin;  and  we 
have  no  strati  Hied  rocks  of  similar  miiieralogical  composition 
constituting  extensive  districts,  as  is  the  case  with  gneiss.  We 
are  compelled  therefore  to  admit,  that  tlie  conditions,  under 
which  the  two  kinds;  of  igneous  rocks  have  been  Ibrmed,  liave 
not  been  the  same.  Wiiat  tliose  conditions  may  have  been  is 
a  separate  question,  and  one,  as  above  noticed,  requiring  in- 
vestigation ;  but  it  will  be  at  once  obvious,  that  the  ejection 
of  a  mass,  in  a  state  of  fusion,  into  the  atmosphere,  would 
be  likely  to  have  its  constituent  parts  arranged  in  a  diflferent 
manner  from  those  in  a  similar  mass  forced  out  beneath  great 
pressure,  such  as  we  may  consider  to  exist  beneath  deep  seas 
or  a  great  mass  of  superincumbent  rock.  Independently, 
however,  of  tliis  consideration,  there  appears  to  iiave  been 
something  in  the  condition  of  the  world  at  the  earliest  times, 
causing  certain  compounds  to  be  formed  in  great  abundance, 
which  does  not  now  continue  in  such  force  as  to  permit  the 
production  of  similar  compounds. 

We  cannot  conclude  this  sketch  of  the  unstratilied  rocks 
W'ithout  adverting  to  the  concretionary  and  columnar  structure 
which  they  frequently  assume.  The  most  femihar  examples 
of  the  colunmar  structure  are  those  of  the  basalt  in  the  Giant's 
Causeway  and  at  Slaffa,  in  the  latter  place  constituting  the  sides 
of  the  justly  celebrated  Fingal's  Ciive  *.  The  concretionary  or 
globular  structure  is  often  visible  in  the  decomposition  of  trap- 
pean  and  volcanic  rocks,  and  is  remarkable  in  a  solid  rock 
named  the  orbicular  granite  of  Corsica  [dioriff  orbiculaire, 
Al.  Brong.),  in  wliich  balls  or  spheroids  of  concentric  and 
alternate  coats  of  hornblende  and  compact  felspar  are  disse- 
minated in  the  mass  of  the  rock. 

We  are  indebted  to  Mr.  Gregory  Watt  for  our  first  great 
advance  towards  a  knowledge  of  the  circumstances  whicli  have 
produced  this  structure.  This  author  fused  seven  hundred 
weight  of  an  amorphous  basalt  named  Rowley  Rag,  described 
as  fine-grained  and  of  a  confused  crystalline  texture;  the  fire 
was  maintained  for  more  than  six  hours,  and  the  fused  mass 
was  suffered  to  cool  very  gradually,  so  that  eight  days  elapsed 
before  it  was  removed  from  the  furnace.  The  fused  mass  was 
then  three  feet  and  a  half  long,  two  feet  and  a  half  wide,  about 
four  inches  thick  al  one  end,  and  above  eighteen  inches  at  the 
other.  This  irregularity  of  form,  resulting  from  the  shape  of 
the  furnace,  was  highly  advantageous,  showing  the  arrange- 

•  Sec  MaccuUoch's  Western  Islands  of  Scotlaiitt;  and  Sections  and,  Views 
Illustrative  of  Geological  Ph^enomcQa,  pi.  U.  and  li>. 
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inent  of  the  bodies  passinfr  from  a  vitreous  to  n  stony  state.  A 
jjortion  taken  out  while  the  basalt  was  in  fusion  became  perfect 
glass.  The  raost  imjwrtant  result  observed  was  the  formation 
of  spheroids,  someiimes  extending  to  a  diameter  of  two  inches. 
They  were  radiated  with  (listinct  fibres,  the  latter  also  forming 
concentric  coats,  when  circinnstances  were  only  favourable  to 
such  nn  arrangement;  but  this  structure  gradually  disappeared 
when  the  temperature  was  sufficiently  continued,  die  centres 
of  most  of  the  spheroids  becoming  compact  before  ihey  at- 
tained the  diameter  of  half  an  inch.  This  structure  gradually 
pervaded  the  whole  body  of  the  sjiheroid.  "  A  conlinaatiua 
of  the  tenijwrature  favourable  to  arrangement  s[jeedily  induces 
anotJier  change.  The  texture  of  the  mass  becomes  more  pra- 
nular,  its  colour  rather  more  graj',  and  the  brilliant  poiats 
larger  and  more  numerous ;  nor  is  it  long  before  these  brilliant 
molecules  arrange  themselves  in  regular  forms,  and  finally  the 
%vhole  mass  becomes  pervatled  by  thin  crystalline  laminie  which 
intersect  it  in  every  direction,  and  form  projecting  crystals  in 
the  cavities." 

Mr.  Gregory  Watt  applied  the  facts  here  noticed  in  expla- 
nation of  the  globular  structure  of  many  decom}>osing  basaltic 
rocks,  in  which,  after  a  certain  stage  of  disintegration,  the  in- 
cluded balls  resist  decomposition  with  great  obsunucy.  He 
moreover  extended  his  remarks  to  the  columnar  structure, 
and  observed,  that  when  in  his  ex[>eriments  •*  two  spheroids 
came  into  contact,  no  penetration  ensued,  but  the  two  bodies 
became  mutually  compressed  and  separated  by  a  plane,  well 
deBned  and  invested  witli  a  rusty  colour;"  and  when  several 
met,  they  formed  prisms.  His  inferences  from  this  arrange- 
ment were  as  follows : — 

"  In  a  stratum  comiwsed  of  an  indefinite  number  in  super- 
ficial extent,  but  only  one  in  height,  of  impenetrable  sphe- 
roids, with  nearly  equidistant  centres,  if  their  peripheries 
should  come  in  contact  on  the  same  ]ilane,  it  seems  obvious 
tliat  their  mutual  action  would  form  tlieni  into  hexagons ;  and 
if  these  were  resisted  below  and  there  was  no  opposing  cause 
above  ihem,  it  seems  equally  clear  that  they  would  extend 
their  dimensions  upwards,  and  thus  form  hexagonal  prisms, 
whose  length  might  be  indefinitely  greater  than  tlieir  diame- 
ters. The  further  the  extremities  of  the  radii  were  removed 
from  the  centre,  tlie  nearer  would  be  their  approach  to  paral- 
lelism ;  and  the  structure  would  be  finolly  propagated  by 
nearly  parallel  fibres,  still  keeping  within  the  limits  of  the 
hexagonal  prism  with  which  their  incipient  formation  com- 
meuccd ;  and  the  prisms  might  tlius  slioot  to  an  indeliniie 
length  into  the  undisturbed  central  mass  of  the  Huid,  till  tbeir 


structure  was  deranged  by  the  superior  influence  of  a  counter- 
Acting  cause*. 

Basaltic  columns  are  often  curved,  and  sometimes  there  is 
a  somewhat  confused  arranjjement  of  lliein,  so  that  the  dis- 
tnrbint^  causes  have  been  considerable.     They  are  also  fre- 

3iientlj  articulated,  wliich  Mr.  Walt  considered  niijrlit  be  pro- 
uced  by  the  same  cause  which  determined  the  conceutric 
fractures  of  the  fibres  of  the  spheroids.  Supposing  the  gene- 
ral theory  of  tlie  formation  of  columns  correct,  the  irregulari- 
ties of  the  prisms  would  obviously  depend  upon  the  unet[ual 
distances  of  the  centres  of  the  spheroids,  and  llie  conse<]uent 
unequal  pressure.  Mr.  Watt  accounts  for  the  horizontal  ar- 
rangement uf  basaltic  columns  iti  some  per|jenilicular  dykes, 
such  for  example  as  those  at  the  Giant's  Causeway,  fron)  the 
refrigerating  or  absorbing  cause  o|>erating  on  each  side  of  the 
vein,  so  that  columns  should  strike  out  from  it,  but  would 
not  coincide  so  as  to  form  continuous  prisms  across  tlie  vein, 
as  there  would  be  confusion  where  the  two  sets  of  columns 
met,  if  indeed  circumstances  were  sufficiently  favourable  to 
produce  a  meeting. 

The  columnar  arrangement  is  not  confined  to  basalt,  but  is 
more  or  less  observed  in  all  the  trappean  rocks,  the  magni- 
tude of  the  columns  being  often  very  considerable.  Granite 
also  assumes  a  prismatic  form,  as  has  alreatly  been  remarked 
by  Mr.  Carne  respecting  that  of  the  western  piirt  of  Corn- 
wall f,  wliere  it  is  well  seen  near  the  Land's  End;  but  instead 
>f  assuming  an  hexagonal  arrangement,  such  as  we  might 
^presume  to  be  the  figure,  if  the  theory  respecting  basalt  was 
altogether  applicable  to  it,  it  is  quadrangular,  and  so  divided 
into  joints  that  the  resulting  solids  are  parnlletopipeds  and 
even  cubes.  If  the  student  should  pass  round  llie  Land's 
End,  Cornwall,  in  a  boat,  he  will  be  particularly  struck  with 
the  general  arrangement  of  granite  into  columns,  and  the  pic- 
turesque cifect  is  considerably  heightened  by  the  varied  disin- 
tegration of  the  blocks  from  tlie  united  action  of  the  sea  and 
atmospliei'e. 

While  on  llie  subject  of  the  columnar  structure  of  rocks,  ic 
may  be  remarked,  that  some  of  the  stratified  rocks,  more  par- 
ticularly the  arenaceous,  are  rentlered  columnar  by  the  action 
of  heat  upon  them.  Some  sandstones,  when  kt;pt  in  our  fur- 
naces at  a  heat  insufficient  to  fuse  tliem,  lake  this  structure. 
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From  the  want  of  n  p;ood  material  for  road-making  betwne 
Halifax  and  Htidclcrsfield,  a  coal-measure  sandstone  is  throwi 
into  kilns  and  burnt,  when  it  frequently  becomes  colunmar, 
the  columns  varying  in  the  number  of  their  bides.  They  are 
generally  curved,  and  about  half  an  inch  in  diameter. 

Dr.  Maccullocli  was,  I  believe,  the  first  to  connect  this  al- 
tered structure  of  a  sandstone  in  a  furnace  with  the  columnar 
character  of  masses  of  sandstone  in  nature.  He  observed  in 
a  hearth-stone,  taken  down  fiom  a  blast-furnace,  at  the  Old 
Park  Iron  Works,  near  Schiflirmll,  and  which  had  been  in 
constant  work  for  sixteen  or  eiffhteen  years,  that  its  structure 
was  prismatic.  The  prisms  sometimes  extended  through  the 
whole  thickness  of  the  stone,  about  ten  inches,  while  in  other 
instances  they  did  not  penetrate  so  deep.  The  prismatic 
structure  was  consiilered  to  have  been  produced  by  the  long- 
continued  action  of  considerable  heat  upon  the  slab  of  sand- 
stone. Reasoning  from  this  fact,  the  same  author  explains 
the  occurrence  of  ihe  columnar  sandstone  beneath  basaltic 
rock  at  the  hiU  oF  Scuirmore,  in  Rum,  as  alsu  the  columaar 
rocks  at  Dunbar,  by  the  action  of  heat*. 

Mr.  Ynies  informs  me  that  at  about  a  mile  N-E,  of  Bad- 
Ems,  in  the  duchy  of  Nassau,  where  clay  ironstone  is  in  con- 
tact with  a  mass  of  trap,  the  former  exhibits  the  red  colour 
and  columnar  structure  of  the  Staffordshire  clay  ironstone 
after  il  has  been  roasted^  and  previously  to  smeliingf.  C»pt. 
Belcher  notices  a  columnar  sandstone  on  the  Rio  Nunez, 
west  coast  of  Africa,  which  appears,  from  the  circumstances 
connected  wiih  it,  to  have  assumed  its  columnar  struaure 
fi'om  the  effect  of  heat  acting  on  it  after  consolidation  ^ 

•  Macculloch,  Quarterly  Journal  of  Science,  1829. 

i  Yates,  MSS. 

X  fielcher,  Journal  of  the  Geo^aphical  Society,  to],  ii.  p.  282. 
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Section  XII. 

On  the  Mhin-aloglcal  Differences  in  Contemporaneous  Jiockst 
either  Original,  or  resulting  Jrom  Alteration  after  Deposi- 
tion. 

Among  the  variety  of  stratified  rocks  which  have  been  noticed 
above,  it  will  have  been  observed  that  there  was  much  dit- 
ference  as  well  in  the  niineralogical  coiiifjosition  as  in  the  zoo- 
lofritni  character  of  the  deposits.  Some  rocks  are  evidently 
formed  from  the  destruction  of  others;  some  are  chemical; 
wliile  others  nppe/»r  as  if  they  had  suffered  alteration  subse- 
quently to  tieposition.  The  rocks  which  have  been  produced 
by  deposit  from  water,  in  which  mud,  sand,  gravel,  and  great 
blocks  were  for  a  time  mechanically  suspended,  have  alrea<ly 
been  sufficiently  discussed;  and  that  they  should  iM)t  precisely 
resemble  each  other  over  considerable  areas  is  only  what  would 
have  been  expeclcd,  as  we  cannot  imagine  any  detritus  so  uni- 
form as  to  be  the  same  over  considL-rable  spaces,  for  it  as- 
sumes n  perfect  imifortnily  in  the  transporting  power,  a  con- 
stant, equal,  and  uniform  supply  of  detritus,  and  a  surface 
over  which  the  transjwrted  substances  were  carried,  so  coQ- 
stituted  as  to  ofier  an  etjual  resistance  throughout. 

When  a  stratified  rock  is  crystalline,  it  has  evidently  been 
chemically  and  not  mechanically  produced;  but  it  remains  to 
inquire  whether  such  structure  he  original,  or  consequent  on 
circumstances  wliich  have  permitted  an  alteration  of  the  rock. 
This  investigation  is  one  of  considerable  difficuity,  as  we  can- 
not always  obtain  the  data  necessary  for  decision,  since  it  is 
obvious  that  the  same  substance  may  oCten  be  obtained  in  dif- 
ferent ways:  thus  crystalline  carbonate  of  iime  may  either  be 
produced  directly  by  deposition  from  an  aqueous  soJution  of 
tliat  substance,  or  common  Hmestone  may  be  fused  by  heat 
under  pressure,  anil  the  results  be  similar.  The  same  with 
many  other  substances.  It  therefore  becomes  a  very  difficult 
though  always  interesting  question  to  discover,  ^vhetiier  such 
stratified  and  crystalline  substances  have  been  produced  in 
the  one  way  or  liie  other. 

There  are  certain  generalities  on  which  we  may  base  our  in- 
vestigations. If  crystalline  and  stratified  substances  occur  as 
sheets  of  matter,  included  among  beds  evidently  of  mechani- 
cal origin,  and  igneous  rocks  are  not  intimately  connected 
with  the  whole,  and  there  has  been  no  violent  dtsturbauce  of 
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strata,    permitting   the   possible  influence   of  gaseous  coi»> 
pounds  on  the  beds,  we  may  fnirly  infer  that  the  cry!>lnlline 
rock  was  formeti  by  uqiieous  cliemical  deposition,  and  Uinl  iti 
occurrence  among  decidedly  meclianical  compounds,  men 
shows  a  difference  in  the  condition  of  the  medium  from  w 
they  have  both  resulted ;  tliere  beinfi;  solution  in  the  one 
and  mere  mechanical  suspension  in  the  other. 

When  we  find  uncrystalline  strata  assuming  a  crystalline 
structure  in  the  inimeditUe  vicinity  of  igneous  rocks,  so  ihot 
the  crystalline  and  uncrystalline  portions  constitute  different 
parts  of  a  common  whole,  the  question  assumes  another  cha- 
racter, and  we  have  to  inquire  if  this  difference  arises  from  an 
alteration  of  a  part  of  the  whole,  subsequently  to  deposition, 
or  whether  it  is  the  result  of  certain  causes  which  have  ope- 
rated only  on  parts  of  the  same  wliule  during  deposition. 

It  has  been  seen  that  dolomite,  a  crystalline  compound  of 
carbonate  of  lime  and  carbonate  of  magnesia,  occurs  in  the 
oolitic  series  of  Poland  and  Germany ;  therefore  we  should 
not  be  surprised  that  it  occurred  in  the  same  series  in  the 
Alps,  and  apparently  among  the  same  rocks  in  Dalmatia 
Greece.  From  this  presence  of  a  particular  crystalline  coi 
pound  in  a  given  rock,  and  over  a  considerable  urea,  we  slio 
be  led  to  consider,  that  circumstances  existed  during  the  J 
nation  of  the  rock  which  (iroduced  this  compound  over 
area,  and  consequently,  that  it  was  original,  and  did  not 
suit  from  the  subsequent  application  of  heat,  or  any  oilier 
chemical  agent. 

Supposing  compounds  of  this  nature  to  have  resulted  from 
an  aqueous  solution  of  the  carbonates  of  lime  and  niagneMa, 
we  should  not  be  surprised  at  the  absence  of  organic  remains; 
for  it  would  scarcely  be  a  ndxture  in  which  animals  would 
flourish.  Organic  remains  are  however  not  absent  from  dolo- 
mite, though  they  are  rare  in  it,  for  I  have  seen  them  in  the 
dolomite  of  Nice,  and  they  have  been  noticed  elsewhere.  The 
occurrence  of  organic  remains  in  dolomite  does  not,  it  must 
be  confessed,  well  accord  with  the  supposition  that  it  has  lieen 
a  limestone  on  which  chemical  agents  have  subsequently  so 
acted  that  it  became  crystalline  and  charged  with  magnesia; 
for  we  cannot  well  understand  in  the  new  arrangement  of  par- 
ticles how  the  form  of  the  organic  remains  could  be  preservedj 
more  particularly  when  they  are  of  the  same  substance  with 
the  rock,  or  solely  cai'bonate  of  lime.  The  fossiliferous  do- 
lomites would  therefore  appear  to  be  excluded  from  the  al- 
tered rocks,  and  reduced  to  those  of  original  and  chemical 
deposition.  There  are  however  masses  of  dolomite  not  so 
easily  reconcileable  with  the  supposition  of  aqueous  de[ 
tion,  which  occur  in  patches  among  limestoneii,  and  not 
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temoved  from  Igneous  rocks,  in  such  a  manner  that  Von 
Buch  considers  them  to  hnve  rcsuUeil  from  the  action  of  cIjc- 

■  Xnical  agents  on  the  linjestones,  siibsef|uently  to  the  tleposition 
and  consolidation  of  the  latter,  and  at  the  time  when  igneous 
rocks  were  intriuletl  among  the  siralifted  mass.  To  convert 
a  series  of  beds  into  a  crystalline  mass  to  a  certain  (hstancc 
from  a  rock  in  a  state  of  fusion,  provided  there  was  sui- 
ficient  pressure  to  prevent  the  escape  of  the  carbonic  acid,  ( 
would,  we  know,  not  be  diflRculi :  but  it  is  dilHcult  to  obtain' 
the  magnesia  necessary  to  produce  the  dolomile,  unless  it  was 
insinuated  into  the  altered  iiiasii  at  the  time  wlien  the  various 
particles  were  arranging  themselves  conformably  to  the  laws 
of  crystallization ;  in  fact,  when  all  the  elementary  substances 
were  so  circumstanced  that  they  could  freely  unite  according 
to  their  proper  aflinities.     Von  Buch  considers  this  was  ef- 

ffected  by  the  escape  of  magnesia  from  the  augite  porphyries 
or  melaphip-es*^  at  the  period  when  such  porphyries  were 
protruded  througli  limestones,  as  in  the  Tyrol  and  other 
places.  He  is  of  opinion  that  the  gas  evolved  at  the  time  these 
Igneous  rocks  were  upheaved,  entered  among  the  fissures  of 
the  limestone,  iind  converted  a  considerable  proportion  of  it 
into  dolomite.  This  celebrated  audior  adduces  the  mountain 
of  San  Salvador,  on  the  lake  of  Lugano,  as  confirming  the 
truth  of  his  theory.  A  red  conglomerate,  of  a  similar  charac- 
ter to  that  which  occurs  on  the  lake  of  Como,  separates  tlie 
mica  slate  on  which  Lugano  is  situated  from  the  limestones 
and  dolomite,  "  These  beds  dip  rapidly  at  70"  to  the  south, 
and  form  a  promontory  on  which  the  cha|)cl  of  San  Murtino 
is  built.     This  rock  appears  in  place  for  about  ten  minutes 

twalk,  the  dip  of  the  beds  diminishing  to  60°.  It  is  then  co- 
vered by  a  compact  smoke-gray  limestone,  in  beds  about  a 
foot  thick.  These  dip  as  the  betis  on  which  they  rest,  and 
have  the  same  inclinntion  cm  the  side  of  the  mountain  ;  but  in 
their  prolongation  towards  the  lake  the  dip  continually  dimi- 
nishes, until,  at  its  level,  it  is  scarcely  20'\  The  beds  as 
they  rise  describe  a  curve  that  somewhat  resembles  a  parabola. 
The  further  we  advance  on  the  roail,  the  more  we  find  these 
becb  traversed  by  small  veins,  the  sides  of  which  are  covereti 
by  rhombs  of  dolomite.  Similar  crystals  are  also  observable 
in  small  cavities  of  the  rocks.  As  we  advance,  tlie  rock  ap- 
pears divided  into  fissures,  and  the  stratification  ceases  to  be 

If  we  consider  witli  ^f.  Ilo§e,  that  augite  nnil  IiombleiiclG  constitute  one 
mineral,  we  slmll  find,  judging  at  least  from  pnbliiihcd  nnalyst-s,  thut  the 
nia^cHia  cuiitaincd  in  it  varies  mnlcriitlly.  Tlic  uxlri'im'S  «n.' ihe  horn- 
blende from  Paij;as,  wliicli,  according  to  BomklorH",  coiiUuns  18"0  per  cent, 
of  iitAguesia,  and  ihc  nugitc  ut'  Tabcrg,  cualaioiu^;,  according  tu  II.  Iloae, 
4'i»9  per  cent,  of  I  lie  auine  substance. 
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distinct.  Lastly,  where  tlie  face  of  the  mountain  becorrn 
nearly  perpendicular,  it  is  found  to  be  entirely  formed  oi  dc 
loniite.  There  is  no  marked  separation  between  the  limestor 
and  the  latter  rock.  By  the  increase  of  the  veins  and  geod« 
the  calcareous  rock  entirely  disappears,  and  pure  dolomit 
occurs  in  its  place,  *  •  •  •  As  we  advance  along  tlie  hi 
road,  the  purer  we  fmd  the  dolomite,  and  at  the  same  tit 
the  more  white  and  granular.  •  *  *  ♦  From  hence  to  l>eyonc 
Melide  the  mountains  are  composed  of  dark  augite  porphyi 
mixed  with  epidote,  the  same  as  it  appears  at  Campione,  fiij 
.sone,  and  Rovio*.'^ 

This  is  undoubtedly  a  remarkable  case,  as  the  mass  of  ai 
gitic  rock  is  on  the  side  of  the  dolomite,  and  as  crystals 
dolomite  are  found  in  the  cracks  of  the  limestones,  becauj 
the  latter  circumstance  shows  that  such  crystals  were  not  cor 
temporaneous  with  the  deposition  of  the  limestone,  but  wer 
formed  subsequently,  after  cracks  had  been  produced  in  il 
while  the  former  circumstance  is  preciseSy  in  accordance  with 
the  theory.     According  to  Von  Buch's  sections,  however, 
small  quantity  of  red  porphyry  and  mica  slate  intervenes 
tween  the  mass  of  the  augite  porphyry  and  the  dolomite:  it 
certainly  does  not  follow  that  they  should  constantly  intervene 
because  they  may  do  so  in  one  situation  and  not  in  anotlierJ 
therefore  this  is  no  great  objection  j  indeed,  according  to  th« 
map,  they  do  not  always  separate  the  dolomite  from  the  igneoufl 
rock.     Other  masses  of  dolomite  occur  round  a  large  patch 
granite  extending  westward  from  the  south-western  branch 
the  Lngo  di  Lugano,  on  which  are  situated  Casco  al  Moutel 
and  Porto.  One  of  these  masses  at  Monte  Schieri  is  connected  I 
with  tufaceous  augite  rock ;  while  others  are  only  in  coniactj 
with  the  granite,  as  far  at  least  as  regards  the  surface :  but! 
this  proves  little,  for   the  nugile  porphyry  may  be   beneatl 
them,  as  it  is  seen  to  cut  through  the  gnmiie  at  Brincio. 

From  its  vicinity  to  these  places  the  dolomites  of  the  lakes', 
of  Como  and  Lecco  acquire  considerable  interest,  althougli 
augite  rocks  have  not  yet  been  detected  among  them.  They] 
certainly  occur  intermingled  with  the  limestones,  which  are 
^compact  and  gray,  while  at  other  times  they  also  appear  the 
r prolongation  of  limestone  beds  which  have  gradually  lost 
their  compact  texture,  and  at  the  same  time  have  nc(|uired 
magnejiia  and  become  crystalline.  In  countries  like  these, 
where  so  much  confusion  prevails,  and  where  we  may  expect 
to  find  extensive  faults,  a  perfect  continuance  of  a  given  series  | 


•  Von  BiiL'li,  Ann.  »!cb  Sci.  Nat.  IS27,  wliprc  there  are  sections  and 
map  of  the  ditstrict  oC  the  lakes   Oriii,  Mapginre,  and  Lugano  ;  as  also  in 
Sections  and  Views  illustrative  of  GeologlcR]  Fhipnomcna,  p).  8.  fig.  2.  and 
■  30. 
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of  beds  is  most  tliHicuIt  to  trace ;  but  with  ample  allowance  for 
these  difficulties,  there  seems  every  probability  that  the  con- 
tinuations of  some  of  the  limestone  beds  become  dolomite*. 

The  north  part  of  the  lake  of  Como  is  composed  of  gneiss 
and  mica  slate,  which  correspond  on  either  shore,  and  dip 
southwards;  the  Jake  of  Leccu  and  the  southern  part  of  that 
of  Como  are  formed  of  limestones  and  dolomite.  Between 
tJie  two  masses  of  rock  are  con<rlomerates  and  sandstones 
which  have  the  same  dip  and  direction  as  the  gneiss  and  mica 
slate.  On  the  south  of  these  latter  rocks  the  sides  of  the  lake 
cease  to  correspond.  Thus,  on  the  eastern  shore,  after  passing 
a  small  portion  of  dolomite,  we  find  limestones,  among  whicn 
are  the  biack  marbles  of  Varenna,  and  these  continue  as  far 
as  opposite  to  Bellag^io  Point,  while  on  the  other  anil  western. 
side  dolomite  prevails  during  the  whole  corresponding  di- 
stance, with  the  exception  of  a  few  limestone  beds  on  the  south 
of  Menaj^gio.  Here  then  is  no  correspondence ;  on  the  con- 
trary we  huve  limestones  on  the  one  side  and  dolomite  on  the 
other,  the  latter  containing  a  mass  of  gypsum  at  Nobiallo.  If 
we  proceed  down  the  lake  of  Como,  from  Bellaggio  to  Como, 
we  find  nothing  but  limestones,  producing  the  fine  scenery  for 
which  this  hike  is  so  celebrated,  after  having  passed  the  pro- 
montory of  Dosso  d'Albido  and  the  opposite  shores  of  the 
Croci  Galle :  but  if  we  go  down  the  lake  of  Lecco  to  the  town 
of  the  same  name,  also  from  Bellaggio,  there  is  scarcely  any- 
thing to  be  seen  but  dolomite,  if  we  except  a  mass  of  gypsum 
included  in  it  at  Limonta,  and  a  long  strip  of  limestone  be- 
tween Lierna  and  Mandello,  Here  also  we  have  no  corre- 
spondence, though  the  general  direction  of  the  beds  in  both 
lakes  would  lead  us  to  suspect,  that  those  in  the  one  were 
continued  from  those  in  the  other.  And  this  view  is  strengtli- 
ened  if  we  ascend  the  Monte  San  Primo,  a  mountain  already 
noticed  as  strewed  over  with  thousands  of  erratic  blocks,  for 
the  highest  crest  is  composed  of  limestone  ranging  W.N.W. 
and  E.S.E ,  with  a  dip  to  the  S.S.W,  If  we  tblTow  the  di- 
rection of  these  beds  to  the  liike  of  Lecco  on  the  east,  we  find 
dolomite,  so  that  the  change  in  this  place  appears  somewhat 
sudden. 

Notwithstanding  this  apparent  conversion  of  limestone  into 
dolomite  in  the  direction  of  the  beds,  which  might  lead  us  to 
suppose  that  some  cause  had  produced  a  change  in  the  rock 
after  its  consolidation,  it  must  be  confessed  that  there  is  also 
an  interstratification  of  the  dolomite  wiih  the  limestone,  and 
moreover,  the  dolomite  rests  upon  limestone  in  the  lake  of 


•  See  Oeo!ogicii!  Map  and  Suctions  of  tliu  sliores  of  tlie  lake  of  Como,  i 
Sections  and  Views  illustrative  of  Ucologicul  PLsL-iiomitia,  pi.  31.aQd32. 
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Locco ;  facts  which  are  at  variance  with  the  supposition 
nil  the  dolomites  of  this  part  of  Italy  have  been  altered  r 
Some  of  them  at  least  appear  to  have  been  original  def)osi 
and  this  supposition,  as  far  as  it  affects  the  rocks  which  are 
apparently  limestones  in  one  place  and  dolomites  in  anoth 
involves  a  curious  question;  for  if  we  admit  a  contempon 
ous  deposition  of  the  two  to  have  taken  place,  it  follows,  t 
carbonate  of  lime  was  tlirown  down  in  one  place,  while 
mixture  of  the  carbonates  of  lime  and  magnesia  was  deposit 
close  to  it  in  another,  and  that  the  two  de|K>sitions  were  so  fi 
influenced  by  circumstances,  that  the  one  was  compact  wh 
the  otlicr  was  eillier  wholly  or  semicrysLailine.     These  of 
vations  tio  not  apply  to  the  alternations,  as  there  we  have 
suppose  a  change  of  circumstances  over  the  same  place,  am 
this  by  no  means  sudden;  for  the  calcareous  beds  seem 
dually  to  acquire  magnesia,  as  majr  be  seen  on  the  weste 
shores  of  the  lake  of  Lecco. 

Some  good  examples  of  a  mixture  of  dolomite  and  linii 
stone  may  be  observed  near  Nice,  where  again  tlie  continuati 
of  limestone  beds  becomes  dolomitic,  the  dolomite  here, 
elsewhere,  generally  losing  its  stratification  when  most  pu; 
while  the  less  pure  semicrystalline  compounds  are  distinctly 
stratified.    This  U  however  not  a  general  rule,  for  1  have 
some  nearly  pure  beds  stratified  ;  and  supposing  such  beds 
be  original  deposits,  their  division  into  strata  is  no  more  n 
markable,  than  that  the  saccharine  marble  of  Carrara  shouli 
be  stratified. 

In  the  vicinity  of  Nice,  gypsum  also  accompanies  the  dolo- 
mite, and  the  connexion  of  ihe  two  is  so  intimate  that  die 
gypsum  of  Sospello  contains  rhombs  of  dolomite,  a  circum- 
stance also  observed  in  the  gypsum  accomjianying  the  dolo- 
mites in  the  Tyrol.  This  frequent  association  of  gypsum  with 
dolomite  has  not  yet  been  satisfactorily  explained. 

Ciypsum  is  not  a  rare  accompaniment  of  rocks,  even  those 
of  a  decidedly  mechanical  origin,  yet  it  must  be  considered 
either  as  a  chemical  deposit,  or  an  altered  rock ;  its  occurrence 
tliurefore  in  such  situations  shows  that  other  causes  were  in 
force  than  a  mere  drift  of  detritus ;  and  when  gypsum  is  to  a 
certain  extent  characteristic  of  a  deposit  over  a  considerable 
area,  it  proves  that  the  operation  of  such  causes  has  not  been 
local,  but  that  during  such  period,  and  over  such  area,  the 
circumstJinces  permitting  those  deposits  prevailed  extensively. 
Gypsum  has  been  considered  characteristic  of  the  upper  part 
of  die  reil  sandstone  series,  generally  known  as  red  or  varie- 
gated marls.  Widiout  however  asserting  that  it  is  a  necessary 
part  of  the  rock,  or  that  it  is  constantly  present,  it  is  remark- 
able how  very  frequently  it  is  discovered  in  diis  deposit,  in 
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Englaiul^  France,  and  Germany,  proving  tliat  circumstances 
were  tlien  favourable  lo  its  pruduction,  if  it  proves  noiliing 
more. 

Wlien  we  recollect  llint  the  intrusion  of  igneous  rocks  lias 
been  sufficient  to  convert  chalk  into  <;ranular  limestone  in  the 
north  of  Ii'elniid,  we  need  not  be  surprised  that  othei'  roeks 
have  been  altered  by  the  intrusion  of  similar  substances.  The 
slates  for  instance  in  many  parts  of  tlie  country  surrounding 
llie  granite  of  Dartmoor,  Devon,  have  suffeied  from  its  intru- 
sion, some  being  simply  micaceous,  others  more  indurated  and 
witli  the  characters  of  mica  slate  and  gneiss,  while  others  again 
appear  converted  into  a  hard  zoned  rock  strongly  impregnated 
with  felspar. 

The  alteration  of  the  rocks  in  this  case  is  of  very  easy  ex~ 
planution.  The  grauwucke,  which  is  for  the  most  part  die 
altered  rock,  is,  when  taken  in  the  mass,  only  the  consolidated 
detritus  of  more  ancient  and  crystalline  rocks,  composed  of  a 
few  simple  substances.  These  substances  have  necessarily 
Ijeen  variously  accumulated  lu  different  lyeds,  so  that  their 
relative  proportions  would  also  vary.  If  long-continuet!  heat, 
insufficient  lo  produce  fusion,  be  now  applied  to  the  ends  of 
these  beds,  thus  ilifierently  constituted,  the  results  will  neces- 
sarily be  dissimilar.  The  various  substances  would  have  a 
tendency  to  resume  their  original  state,  at  least  that  state  in 
which  they  existed  in  the  crystalline  rock,  whence  they  have 
been  derived ;  and  consequentiy  we  shouki  have  conii>ountls 
resembling  various  ci"3'stalline  stratified  rocks.  The  granite 
of  Dartmoor  has  evidently  been  intruiled  among  the  grauwocke 
of  the  same  district,  sending  vehis  into  it.  It  to  a.  certain  ex- 
tent ctits  through  the  line  of  direction  of  the  grauwacke, 
twisting  and  contorting  the  strata,  which  come  more  imme- 
diately in  contact  with  it,  lo  various  distances.  Such  strata 
must  have  been  exposed  to  long-continued  heat,  insufficient  to 
fuse  diem,  and  hence  their  altered  character. 

M.  von  Dechen  reuiarks,  tliat  the  grauwacke  of  the  Hartz 
is  in  like  manner  altered  by  granite,  which  converts  the  ti)nner 
into  llinty  slate,  quarts;  rock,  greenstone,  &c.  Transitions  of 
this  kind,  even  into  coarse-grainetl  grauwacke,  may  be  ob- 
served. The  slates  of  the  Vosges  and  Swartzwald  are  also 
altered  by  granite. 

It  might  at  first  sight  appear  necessary  that  complete  fusion 
should  lake  place  before  the  rock  could  be  converted  into  sub- 
stances like  hornblende  rocks,  Sec,  and  that  theretore  the  stra- 
tified character  of  the  rock  would  be  destroyed.  The  couun«m 
experiment  of  throwing  a  fragment  of  green  bottle  glass  into 
ft  fire,  and  keeping  it  lor  a  long  time  at  a  heat  insuHicJent  to 
fube  it,  itiiows  that  the  internal  particles  of  a  botjy  [nay»  under 
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certain  circumslances,  artniige  ihemselves  in  a  crystalline  form 
without  any  alteration  of  tlie  external  a}>|)earance  of  the  same 
body.  In  like  manner  a  bed  of  grauwacke  composed  of  com- 
minuted honiblende  and  felspar,  probably  resulting  from  the 
destruction  of  some  hornblende  rocks,  would,  when  exposed 
to  a  long-continued  heat,  insufficient  to  produce  fusion,  become 
converted  into  a  greenstone  or  hornblende  rock,  arranged  in 
beds. 

Cases  of  induration  and  alteration  of  rocks  in  contact  with 
igneous  products  are  so  common  that  it  would  be  useless 
enumerate  them ;  but  the  student  must  carefully  distingui 
between  igneous  n«ks  which  have  evidently  been  intrud 
among  the  otliers,  and  those  which  are  the  older  rocks,  U}X>n 
which  the  others  have  been  deposited;  for  it  may  happen  that 
the  older  rocks  have  been  disiiilegniled  previous  to  deposition 
of  the  superincumbent  substance:  in  which  case,  if  the  latter 
be  arenaceous,  there  may  be  an  apparent  pasMige  of  the  are- 
naceous into  the  igneous  rock,  producing  the  lidse  appearance 
of  an  attere<l  substance. 

There  can  be  little  doubt  that  many  rocks  resulting  from 
the  deposit  of  detritus  have,  more  particularly  when  such  de- 
tritus has  been  in  a  highly  comminuted  state,  suffered  altera- 
tion by  the  chemical  action  of  various  substances  on  each  other. 
Changes  have  also  been  produced  by  the  percolation  of  water, 
charged  with  various  substances,  through  rocks.  Matter  so- 
luble in  water  is  thus  conveyed  from  a  superior  to  an  inferior 
rock.  The  cavities  or  vesicles  of  igneous  rocks  filled  with  car- 
bonate of  lime  and  other  minerals,  constituting  an  amygdaloid, 
afford  a  well-known  illustration  of  this  percolation. 

The  change  in  the  mineralogical  character  of  certain  calca- 
reous rocks,  at  different  points  of  the  area  which  they  may 
happen  to  cover,  has  been  previously  adverted  to,  and  it  has 
been  shown  that  in  the  oolitic  group  there  was  a  probability 
of  a  portion  having  been  produced  at  the  bottom  of  a  deep  sea, 
while  other  parts  were  formed  in  shallower  waters.  The  phy- 
sical circumstances  under  which  the  different  parts  of  the  de- 
posit would  be  placed,  could  scarcely  do  otherwise  than  influ- 
ence the  product;  but  what  that  precise  influence  may  have 
been  ive  are  as  yet  ignorant:  it  niny»  however,  be  anticipated 
tijat  the  differences  of  pressure,  and  the  liability  to  be  disturbed 
by  currents  in  one  situation,  while  the  latter  might  be  scarcely 
felt,  if  not  entirely  absent,  in  another,  would  alone  cause  a 
great  variation  in  the  inineralogical  texture. 

It  might  also  happen,  that  in  a  deep  part  of  an  ocean  suc- 
cessive depositions  were  effected  during  periods  when  frequent 
changes  were  produced  in  other  and  remote  situations,  so  tJiat 
though  contemporaneous  there  should  be  no  inineralogical 


itn 


On  the  Elevation  of  Mountains. 


481 


[agreement  between  them;  and  if  in  the  course  of  events,  the 
>ntinu«>iis  nnd  quiet  deposits  were  upheaved,  and  a  continent 
)e  the  result,  the  difficulty  of  identifying  clear  divisions  in  the 
one  place  with  the  mass  in  the  other  would  be  ijisurmountable. 
It  is  more  than  probable  thai  this  supposition  has  been  realized 
on  the  surface  of  our  planet,  and  that  eventually  geologists 
will  show  less  determination  in  identifying  deposits,  more  par- 
ticularly tliose  of  moderate  comparative  antiquity,  over  very 
considerable  distances.  It  is  much  more  desirable,  for  in- 
stance, that  India  should  be  described  with  reference  to  itself, — 
so  that  when  its  geology  shall  have  been  sufficiently  advanced, 
Europe  may  be  fairly  compared  with  it, — than  that  there  should 
be  a  determination  to  find  nodiing  but  European  equivalents 
in  that  quarter  of  the  world. 

L  On  the  Elevation  of  Mountains. 

Although  the  direction  of  the  various  chains  of  mountains 
has  long  engaged  ihe  attention  of  geologists  and  geographers, 
nnd  although  the  direction  of  upturned  strata  has  also  long 
been  noticed  by  the  Ibrmer,  and  found  generally  to  coincide 
with  that  of  the  mountain  chains  which  they  constitute,  it  has 
only  been  recently  ami  since  the  labours  of  M.  Elie  de  Beau- 
mont, that  the  subject  lias  acquired  a  new  interest,  and  will 
henceforth  form  an  important  branch  of  geological  investiga- 
tion, whether  the  ihtory  of  this  distinguished  geologist  shall 
eventually  be  found  tenable  to  the  extent  supposed,  or  require 
very  material  modifications. 

Von  Buch  appears  some  time  since  to  have  discovered  that 
the  mountain-systems  of  Germany  were  not  contemporaneous, 
but  were  of  distinct  dates;  and  geologists  had  long  been  in  the 
habit  of  noticing  the  unconformable  position  of  strata,  an  older 
and  inferior  rock  having  been  upheaved,  while  a  newer  rock 
rested  upon  the  etiges  of  the  upturned  strata.  Here,  however, 
the  subject  seemed  to  rest,  until  M.  Elie  de  Beaumont,  from 
a  series  of  very  exact  observations  in  certain  parts  of  France 
and  the  Alps,  remarked,  that  the  dislocations  of  the  strata  were 
not  only  referrible  to  distinct  epoclis,  but  that  there  was  a  pa- 
rallelism between  dislocations  and  upheaved  mountains  of  the 
same  date;  and  he  further  considered  that  these  events  pro- 
duced breaks  in  the  rocks  then  in  the  course  of  deposition,  so 
that  those  subsequently  formed  rested  unconformably  on  the 
disturbed  strata  of  the  older  rocks. 

To  determine  the  general  unconformable  position  of  two 
rocks  sometimes  requires  very  great  care,  though  at  first  sight 
it  may  appear  extremely  easy  tt)  observe  whether  one  rock  rests 
on  the  upturned  edges  of  another,  or  not;  and  so  it  undoubt- 
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or 
easily  be  seen 
a  a  rest  upon 
strata  b  b ;    but 


ecUy  is  in  many  rases;  but  wlien  they  meet  at  small  angles*, 
or  the  one  rests  on  tlie  coniortions  of  the  other,  the  inqui; 
becomes  more  difticuh,  and  it  requires  numerous  observati' 
to  be  certain  of  the  geuerni  fact.     The  difficulty  in  the  case 
contortions  will  be  seen  in  the  annexed  cut. 

If  a  section  be  obtained  on 
the  left  or  right,  it  will  very  '''8*  ""• 

that  the   beds  ^ 

the  contorted     {'////'O^^'^^^z:^^^^-,  [  (C-, 
if  one    were      t>  c  b 

only  observed  at  c,  the  unconformable  position  of  the  I 
rocks  miglit  be  doubtful.    The  student  may  perhaps  considi 
that  from  a  little  resicarch  in  the  same  place  he  would  soon 
find  evidence  of  the  disturbed  condition  of  the  strata  beneath;      I 
and  if  the  contortions  were  alwaj's  on  the  small  scale,  and  na-      I 
tural  sections  common,  such  would  be  the  case:  but  when  the 
latter  are  scarce,  or  the  nndolations  and  coniortions  on  tlie 
large  scale,  the  great  bends  being  measured  by  miles  instead 
of  ialhoms,  the  subject  is  not  so  easy.     It  may  be  stated  as  an 
example,  that  the  mass  of  the  calcareous  Alps  is  considered 
to  rest  unconformably  on  the  mass  of  those  composed  of  pro^^ 
togine,  gneiss,  &c.;   but  the  situations  where   the  conlrq^^^ 
opinion  may  be  formed  are  very  numerous,  the  sections  ihc^fl 
exposing  perfect  conformability.     It  also  requires  great  care 
in  tracing  strata  up  to  a  mountain  range,   for  the  purpose  of 
ascertairring  its  relative  antiquity,  lo  distinguish  between  those 
beds  which  have  been  decidedly  upturned  subsequently  to  de- 
position, and  those  which  may  ha\-e  originally  taken  a  sninll 
angle  during  their  formation  on  the  flanks  of  a  chain 
viously  elevated  to  a  certain  extent- 

Perhajis  the  atmexeil  diagram  may  assist  the  student  in  _ 
prehending  the  manner  in  which  the  relative  age  of  mountain 
ranges  is  determined  fioni  the  position  of  strata. 

If  the  rocks  a  a  are  found  resting  quietly  on  the  upturned 
strata  b  b,  it  is  inferred  that  b  b  have  been  disturbed  previous 
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•  A  general  unconform.ibility  dot's  not  always  prove  a  movonient  in  I 
inferior  rocks  prior  to  tb*  tk-pusitimi  of  the  superior;  for  supposing  a  git 
Bcries  to  be  go  produced  that  tlie  lu-wcr  rocks  may  be  formed  within  sue 
•ively  diminishing  areas,  and  oiiotber  deposit  to  cover  the  whole,  it  is 
dcut  that  the  higher  main  will  so  fur  rest  unconformably  on  the  iiiferiix 
rocks  that  it  will  coicr  them  all  in  succession.     Now  this  is  what  hu  hop^ 
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deposition  of  a  a;  and  consequently,  if  a  a  be  a  known 
rock  occupying  a  certain  place  in  the  series,  we  obtain  a  rela- 
tive dale  tor  the  elevation  of  b  b,  so  far  as  relates  to  a  a ;  but  if 
it  should  chance  that  there  are  no  commonly  known  deposits 
absent  between  them,  we  obtain  the  exact  relative  date  of  tlie 
elevation  of  so  much  of  the  mountains  as  do  not  exhibit  any 
other  unconformability  of  strnla,  and  of  the  whole  range,  if  no 
such  unconformability  can  be  detected.  When  however  this 
does  occur,  as  in  the  above  diagram,  we  learn,  that  more  than 
one  elevation  of  strata  has  taken  place  in  the  same  chain,  for 
h  b  resting  in  discordant  stratification  on  c,  proves  that  c  was 
tilted  up  prior  to  the  deposition  of  bb\  so  that  in  this  case 
there  would  be  evidence  of  two  disturbances  in  the  same  chain, 
and  the  relative  dates  of  both  would  be  obtained  on  the  same 
principles.  It  will  be  obvious  if  two  lines  of  elevated  strata 
cross  each  other,  there  would  be  much  confusion  where  they 
traverse;  and  should  great  violence  have  been  employed,  so 
that  the  strata  be  even  thrown  over,  it  wilt  require  nmch 
caution  to  determine  the  relative  age  of  the  fractures  at  those 
points. 

From  the  obliging  communications  of  M.  Elie  de  Beaumont, 
it  appears  that  he  now  considers  he  can  distinguish  twelve  sy- 
stems of  mountains  in  Europe,  each  regarded  ns  characterized 
by  Uie  relative  direction  and  elevation  of  its  strata,  and  each 
elevation  as  corresponding  with  a  solution  observed  in  the 
continuity  of  the  sedimentary  deposits,  also  of  Europe*. 
These  various  systems  are  as  follows,  commencing  with  that 
of  the  greatest  relative  antiquity : 

I.  System  of  Westmoreland  and  the  Hundsruck. — The  direc- 
tion of  the  slate  rocks  in  Westmorelatid  is;,  according*  to  Prof. 
Sedgwick,  N.E.  by  E,  and  S.  W.  by  W. ;  and  that  ol  the  slates 
and  grauwacke  of  the  Eifel,  the  Hundsruck,  and  of  the  Nassau 
Mountains,  about  N.  E.  and  S.  W.  The  slates,  grauwacke,  and 
grauwacke  limestones  of  the  northern  and  central  part  of  the 
Vosces  have  the  same  direction.  The  carboniferous  rocks  rest 
on  the  upturned  rocks  of  the  North  of  England;  coal-measures 
se  upon  the  edges  of  those  of  the  Vosgcs ;  and  ilie  carbo- 
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pened  vrith  the  chalk  and  oolite  groups  in  England,  the  fonner  overlapping 
the  various  members  of  the  latter  aa  they  Bucccssiveiy  fine  ofT  See  Sections 
and  Views  illustrative  of  Geolopicii!  Phajnomena,  for  an  overlap  of  the 
chalk  on  the  coasts  of  Dorset  and  Devon.  Tlje  angles  at  which  the  creta- 
ceous and  other  rocks  meet  is  there  so  small,  that  their  iinronformabili^ 

I  could  scarcely  be  determined  at  any  particular  point,  though  in  the  mass  it 

^K  evident. 

^V*  M.  Elie  de  Beaumont's  communication  to  me,  of  which  the  accompa- 

l^iying  sketch  is  a  brief  notice,  will  be  found  in  the  Plii)>  Mag.  and  Anaalt 

Ibilwsophy,  for  October  1831. 
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iiiferous  rocks  of  Belgium  and  Saarbruck  were  probably  de- 
posited at  the  foot  of  the  Eifel,  Hundsruck,  &c. 

II.  System  of  the  Ballons  {Vosges)^  and  of  the  Hills  of  the 
Bocage  {Calvados). — It  is  observed  under  this  head,  that  the 
first  system  only  shows  that  the  slates  and  grnuwacke  of  West* 
moreland  and  the  Hundsruck  have  been  elevated  before  the 
deposition  of  the  carboniferous  series ;  but  it  would  also  ap- 
pear that  there  has  been  an  elevation  of  strata  before  the  more 
recent  transition  strata  were  deposited,  so  that  the  latter  have 
not  been  elevated  in  a  N.£.  and  S.W.  direction,  but  would  oo 
the  contrary  seem  to  have  been  formed  on  upturned  beds  of 
the  former.  Such  are  the  calcareous,  marly,  and  arenaceous 
deposits,  with  Orthoccratites^  Trilobites^  &c.,  in  Podolia,  of  the 
environs  of  St.  Pelersbur|;,  and  of  Sweden,  where  ibey  are  but 
slightly  removed  from  their  original  horizontal  position.  Such 
are  also  the  transition  beds  of  Dudley  and  Gloucestershire; 
and  possibly  also  the  transition  beds  of  the  South  of  Ireland 
may  be  included  in  the  same  list,  which  M.  Elie  de  Beaumont 
considers  may  also  contain  certain  slate  and  grauwacke  beds 
with  anthracite,  forming  the  south-east  angle  of  the  Vosges. 
When  these  beds  are  not  horizontal,  they  are  dislocated  in 
directions  the  most  marked  of  which  is  comprised  between  an 
E.  and  W.  line  and  one  E.  \5^  S.  and  W.  15°  N. 

III.  System  of  the  North  of  England. — This  is  the  rjorth  and 
south  range  of  the  carboniferous  series,  noticed  by  Prof.  Sedg- 
wick. It  is  considered  to  have  been  produced  immediately 
previous  to  the  deposit  of  the  red  conglomerate  (rothliegendes). 
M.  Elie  de  Beaumont  remarks;  "The  elevation  of  the  chain 
in  the  North  of  England  is  not  probably  an  isolated  phaeoo- 
menon ;  but  if  we  glance  at  the  geological  map  of  England  bv 
Mr.  Greenough,  or  that  accompanying  the  memoir  of  Prot 
Buckland  and  Mr.  Conybeare  on  the  environs  of  Bristol,  we 
are  naturally  led  to  remark,  that  the  problematical  rocks  which 
penetrate  and  dislocate  the  coal  deposits  of  Shrewsbury  and 
Colebrooke  Dale,  and  those  which  form  the  Malvern  HiUs, 
appear  to  be  connected  with  a  series  of  fractures  which  ran 
nearly  N.  and  S.,  and  are  prolonged  across  the  more  lecent 
transition  and  the  carboniferous  rocks  to  the  environs  of 
Bristol."  It  is  also  considered  probable  that  the  form  of  die 
west  coast  of  the  department  of  La  Manche,  which  runs  nearly 
N.  and  S.,  may  be  due  to  a  fracture  of  this  age. 

IV.  System  of  the  Netherlands  and  South  Wales. — Thi^  is  the 
great  E.  and  W.  range  of  the  carboniferous  rocks  from  the  en- 
virons of  Aix-Io-Chapelle  to  St.  Bride's  Bay,  Pembrokeshire! 
which,  whenever  visible  from  beneath  other  deposits,  exhibits 
this  general  direction  for  about  +00  miles.  It  is  considered 
that  the  beds  of  the  (new)  red  sandstone  series  which  rep«»e 
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on  ihis  dislocation  nre  nut  ^o  ancient  as  those  noiiceii  in  the 
previous  group*. 

V.  System  of  the  B/iiiu'.—The  Vosges  and  the  Swarzwald 
terminate  opposite  one  another  in  two  long  cliffs  parallel  to 
each  other  and  to  the  course  of  (he  Ithiut;.  These  are  nppa- 
rently  due  to  great  faults,  having  a  direction  S.  15*^  W.  and 
V.  15"  E.  These  fractures  preceded  the  deposit  of  the  rocks 
in  the  basin  of  Alsace,  among  which  are  the  red  or  variegated 
sandstone  (gres  bigarre)^  the  muschelkalk,  and  the  variegated 
marls. 

VI.  System  of  the  S.fV,  coast  of  Brittany  and  of  La  Vendee, 
f^fMorvan,  of  the  BohmeiV)ald^eOirge,andofthe  Thuritiget-wald, 
—The  general  direction  of  this  system  is  from  N.W-  to  S.E. ; 
■nd  while  the  red  or  variegated  marls  (marnes  irisees),  the 
IDUSchelkalk,  and  all  older  strata  have  been  thrown  out  of  their 
original  positions,  the  oolitic  series,  comprehending  the  lias  and 
its  lower  sandstone,  have  remained  undisturbed  in  these  vuri- 
Ot]S  situations, 

VI L  System  of  the  PilaSi  the  CSte  d'Or,  and  the  Erxgebirge. 
— In  this  system,  which  also  contains  a  portion  of  the  Cevennes, 
the  strata  are  disturbed  up  to  the  oolitic  rocks  inclusive,  while 
the  cretaceous  series  (green  sand  and  chalk)  remain  apparently 
in  the  position  in  which  they  were  deposited.  The  direction 
of  this  system  is  considered  to  be  N.E.  and  S.W. 

VIII.  System  of  Mojit  Viso. — "The  French  Alps  and  the 
south-west  extremity  of  the  Jura,  from  the  environs  of  Antibes 
to  those  of  Pont  d'Ain,  and  Lons  le  Saulnier,  present  a  series 
of  crests  and  dislocations  with  a  direction  towards  the  N.N.  W., 
in  which  the  older  rocks  of  the  Wealden  formation,  the  green 
sand,  and  chalk,  are  found  upheaved,  as  well  as  those  of  the 
oolitic  series.  The  pyramid  of  primievnl  rocks  composing 
Mont  Viso  is  traversed  by  enormous  faults,  which,  from  their 
direction,  evidently  belong  to  this  system  of  fractures.  The 
eastern  crests  of  the  Devolny,  on  the  north  of  Gap,  are  formed 
of  the  oldest  beds  of  the  green  sand  and  chalk  thrown  up  in 
the  direction  in  question,  and  raised  more  than  +700  English 
feet  above  the  sea.  At  the  feet  of  these  enormous  escarp- 
ments are,  horizontally  deposited  and  at  more  than  2000  feet 

•  It  should  be  here  noticed  that  some  recent  oJwervadone  amottg  the 
Mendip  Hills  have  shown  me  that  Lhey  have  been  dislocated  in  N.  and  S. 
lines,  subsequently  to  thrir  E.  and  W.  elevation.  These  faults  are  the  crosa 
courses  so  well  known  tu  the  miners  of  the  district,  and  exhibit  disturbance* 
paiallel  to  the  lines  of  disiocution  in  System  III.  Faults  with  a  general  N. 
and  S.  direction  are  also  observable  in  the  Blackdown  Hills,  to  the  south  of 
the  Wcsterti  Mendips.  These  latttT  were  clearly  produced  after  the  deposit 
of  the  clialk,  and  perhaps  nf  certain  supracretaccous  ^ock^;  whether  ihej 
may  or  may  not  lie  contemporaneous  with  the  N.  and  S.  Mendip  faults  u 
not  jet  determined. 
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lower  down,  those  upper  beds  of  the  cretaceous  system  which 
are  distinguished  from  the  rest  by  the  presence  of  NummuliUi, 
Cerithia^  AtnjmUaricVy  and  other  shells,  the  genera  of  which 
were  long  considered  as  exclusively  found  in  the  tertiary  (sa- 
pracretaceous)  rocks.  Thus  it  was  between  the  two  portions 
of  that  which  is  commonly  termed  the  series  of  the  Wealden 
formation,  green  sand,  and  chalk,  that  the  beds  of  the  Mont 
Viso  system  have  been  llirown  up." 

IX.  Pt/reneo-Apennine  Sj/stem. — "  This  includes  the  whole 
chain  of  the  Pyrenees,  the  northern  and  some  other  ridges  of 
the  Apennines,  the  calcareous  chains  on  the  north-east  of  the 
Adriatic,  those  of  the  Morea,  nearly  the  whole  Carpatliian 
chain,  and  a  j^reat  series  of  inequalities  continued  from  that 
chain  tlirough  llie  north-east  escarpment  of  the  Hartz  Moun- 
tains to  nortJiern  Germany."  The  general  direction  of  this 
system  is  about  W.N.W.  and  E.S.E. 

X.  Si/stem  of  the  Islands  of  Corsica  and  Sardinia. — This 
elevation  is  considered  to  have  tikcn  place  during  the  supra- 
cretaceous  perioil,  and  it  is  renuirked  that  tlie  north  and  soatli 
direction  of  the  system  in  Corsica  and  Sardinia  is  observed 
"in  many  small  valleys  and  ridges  of  mountains  in  tlie  Apen- 
nines, and  in  Istria,  and  in  the  disposition  of  many  volcanic 
masses  and  metalliferous  sites  of  Hungary." 

"  It  is  worthy  of  remark  that  the  directions  of  the  system  of 
the  Pilas  and  the  Cote  d'Or,  of  tliai  of  the  Pyrenees,  and  that 
of  the  islands  of  Corsica  and  Sardinia,  are  respectively  nearly 
parallel  to  those  of  the  system  of  Westmoreland  and  the 
Hundsruck,  of  the  system  of  the  Ballons  and  of  the  Bocage, 
and  of  the  sjsiem  o{  the  North  of  England.  The  correspond- 
ing directions  differ  but  a  small  number  of  tiegrees,  and  the 
corresponiling  systems  of  the  two  series  have  succeeded  each 
other  in  the  same  order;  leading  to  the  supposition  that  there 
has  been  a  kind  o/^ periodical  recurrence  of  the  same,  or  nearly 
the  same,  directions  of  elevation." 

XL  Si/stem  of  ike  JVestn-n  Alps. — The  mean  direction  of  this 
system  is  about  N.N.E.  and  S.S.W.,  and  the  elevation  is  con- 
sidered to  have  taken  place  after  the  deposit  of  those  recent 
»upracretaceous  beds  named  Shelly  Molasse  {tnolassc  coquH^ 
Here),  beds  contemporaneous  with  thefahluns  ol'Tournine. 

The  directmri  of  strata  is  of  a  complicated  character  where 
this  system  and  that  to  be  next  mentioned  cross  each  other,  as 
they  do  around  the  Mont  Blanc,  Mont  Rose,  and  Finsteraar- 
horn,  at  about  an  angle  of  i-5°  or  50°. 

Xll.Si/stcm  of  the  principal  Chain  of  the  Alps  [from  the 
Valais  into  Atistria),  comprising  also  the  Chains  of  the  Fcntoux, 
the  Leharon  and  the  Sainte  liaume  [Provence). — The  direction 
of  this  system  is  about  E.  j  N.E.  and  W.  ^  S.W.j  and  llic 
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strata  are  considered  to  have  been  elevated  previous  to  the 
dispersion  of  tlie  erratic  blocks  and  those  gravels  which  have 
been  termed  diluvium^  but  which  in  the  vicinity  of  the  Alps 
are  found  to  have  been  deposited  upon  oilier  gravels,  often  of 
considerable  thickness. 

Al.  Elie  de  Beaumont  concludes  with  the  following  observa- 
tions :  "  The  independence  of  successive  sedimentary  forma- 
tions is  the  most  iniportiirit  result  obtained  from  the  study  of 
the  superficial  beds  of  our  (fiobe;  and  one  of  the  principal 
objects  of  my  researches  has  been  to  show,  that  this  great  fact 
is  the  consequence  and  even  a  proof  of  the  independence  of 
mountain-systems  having  different  directions. 

"The  fact  of  u  general  uniformity  in  the  direction  of  all 
beds  upheaved  at  l^ie  sanie  epoch,  and  consecjucntiy  in  the 
crests  formed  by  these  betls,  is  perhaps  as  important  in  the 
study  of  mountains,  as  the  ijidependeiice  of  successive  forma- 
tions is  in  the  study  of  superimposed  beds.  The  sudden 
change  ol  direction  in  passing  from  one  group  to  another  has 
permitted  the  division  of  European  chains  into  a  certain  num- 
ber of  distinct  systems,  which  penetrate  and  sometimes  cross 
each  other  without  becoming  confounded.  I  have  recognised 
from  various  examples,  of  which  ihe  number  now  amounts  to 
twelve,  that  there  is  a  coincidence  between  llie  sudden  changes 
established  by  the  lines  of  demarcation  observable  in  certain 
consecutive  stages  of  the  sedimentary  rocks,  and  the  elevation 
of  the  beds  of  the  same  number  of  mountain-systems. 

"  Pursuing  the  subject  as  far  as  my  means  of  observation 
and  induction  will  permit,  it  has  appeared  to  roe,  that  the  dif- 
ferent systems,  at  least  those  which  are  at  the  same  time  the 
most  striking  and  recent,  are  composed  of  a  certain  number 
of  small  chains,  ranged  parallel  to  the  semi-circumference  of 
the  earth's  surface,  and  occupying  a  zone  of  much  greater 
length  than  breadth;  and  of  which  the  length  embraces  a  con- 
siderable fraction  of  one  of  the  great  circles  of  the  terrestrial 
sphere.  It  may  be  observed  respecting  the  hypothesis  of  each 
of  these  mountain-systems  being  the  productof  a  single  epoch 
of  dislocation,  that  it  is  easier  geometrically  to  conceive  the 
manner  in  which  the  solid  crust  of  the  globe  may  be  elevateu 
into  ridges  along  a  considerable  portion  of  one  of  its  great 
circles,  tlian  that  a  similar  efiect  may  have  been  produced  in 
a  more  restricted  space- 

"  However  well  established  it  may  be  by  facts,  the  assem- 
blage of  which  constitutes  positive  geology,  that  the  surface  of 
the  globe  has  presented  a  long  series  of  tranquil  periods,  each 
separated  from  that  which  followed  it  by  a  sudden  and  violent 
convulsion,  in  which  a  portion  of  the  earth's  crust  was  dislo- 
catedt — that,  in  a  word,  this  surface  was  ridged  at  intervals 
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in  different  directions;  the  mind  would  not  rest  satisfied  if  it 
did  not  perceive,  among  those  causes  now  in  action,  an  ele- 
ment, fitted  from  time  to  lime  to  produce  disturbances  dif- 
ferent from  the  ordinary  march  of  the  phtenomena  which  we 
now  witness. 

"The  idea  of  volcanic  action  naturally  presents  itself  when 
we  search,  in  the  existing  state  of  things,  for  a  term  of  com- 
parison with  these  great  phasnomena.  They  nevertheless  do 
not  appear  susceptible  of  being  referred  to  volcanic  action, 
unless  we  define  it,  with  M.  Humboldt,  as  being  the  injlueitce 
exercised  by  the  interior  of  a  planet  on  its  exterior  covering 
durintr  its  different  stages  ofre/iigeratioti. 

"  Volcanos  are  frequently  arranged  in  lines  following  frac- 
tures parallel  to  mountain  chains,  and  which  originate  in  the 
elevation  of  such  chains ;  but  it  does  not  appear  to  me  that  we 
can  thence  regnrd  the  elevation  of  the  chains  themselves  as  due 
to  the  action  of  volcanic  foci,  taking  the  words  in  their  ordinary 
and  restricted  sense.  We  can  easily  conceive  how  a  volcanic 
Jocus  may  produce  accidents  circularly  and  in  the  form  of  rays 
from  a  central  point,  but  we  cannot  conceive  how  even  many 
united  Jbci  could  produce  those  ridges  which  follow  a  common 
direction  through  several  degrees. 

"Volcanic  action,  such  as  it  is  commonly  understood,  could 
not  therefore  be  itself  die  first  cause  of  these  great  phenomena ; 
but  volcanic  action  appears  to  be  related  (and  this  is  a  subject 
whicii  has  long  occupied  M.  Cordier,  tliough  he  has  considere<i 
it  under  another  point  of  view,)  with  the  high  temperature  now 
existing  in  the  interior  of  the  globe. 

"  Now  the  secular  refrigeration,  that  is  to  say,  the  slow 
difilision  of  the  primitive  heat  to  which  the  planets  owe  their 
spheroidal  Jbrms  and  the  generally  regular  disposition  of  these 
beds  from  the  centre  to  the  circumference,  in  the  order  of  spe- 
cific gravity, — the  secular  refrigeration,  on  the  march  of  which 
M.  Fourier  has  thrown  so  much  light,  does  offer  an  elemetit 
to  which  these  extraordinary  eflects  may  be  referred.  This 
element  is  the  relation  which  a  refrigeration  so  advanced  as 
that  of  the  planetary  bodies  establishes  between  the  capacity 
of  their  solid  crusts  and  the  volume  of  their  internal  masses. 
In  a  given  time,  the  temperature  of  the  interior  of  tlie  planets 
is  lowered  by  a  much  greater  quantity  than  that  on  their  sur- 
faces, of  which  the  refrigeration  is  now  nearly  insensible.  We 
are,  undoubtedly,  ignorant  of  the  physical  properties  of  the 
matter  composing  the  interior  of  these  bodies ;  but  analogy 
leads  us  to  consider,  that  the  inequality  of  cooling  above  no- 
ticed would  place  their  crusts  under  the  necessity  of  continually 
diminishing  their  capacities,  notwithstanding  the  nearly  rigo- 
rous coiislaiicy  of  their  temperature,  in  order  that  they  should 
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Tiot  cease  to  embrace  their  internal  masses  exactly,  the  tem- 
perature of  which  (limiiiislies  sensibly.  They  must  therel'ore 
depart  in  a  flight  and  progressive  manner  from  the  spheroithil 
figure  proper  to  them,  and  correspondinjT  to  a  maximum  of 
capacity;  and  the  gradually  increasing  tendency  to  revert  to- 
that  figure,  whether  it  acts  alone,  or  whether  it  combines  with 
other  internal  causes  ot'change  which  the  planets  may  contain, 
may,  with  great  probability,  completely  account  for  the  ridges 
and  protuberances  which  have  been  formed  at  intervals  on  the 
external  crust  of  the  earth,  and  probably  also  of  all  the  other 
planets*." 

From  this  sketch  of  M.  Elie  de  Beaumont's  theory,  in  which 
his  views  respecting  the  connexion  of  distant  mountains  with 
those  of  Europe  have  been  omitted,  it  will  be  evident  that  it 
■will  require  much  lime  and  very  exact  observation  in  various 
parts  of  the  world  before  we  can  fairly  ascertain  what  are  ex- 
ceptions and  what  the  general  rules.  It  will  have  been  observed 
that  M.  Elie  de  Beaumont  has  already  remarked  on  the  near 
parallelism  of  three  particular  systems  respectively  with  three 
other  particular  systems  of  European  mountains,  leading  to 
the  presumption  that  parallelism  is  alone  insufHcient  to  deter- 
mine the  relative  age  of  an  elevated  ran«e  of  strata;  a  con- 
clusion that  may  be  still  further  strengthened  by  observing 
certain  lines  of  disturbed  strata  in  the  British  Isles,  which, 
when  we  regard  the  general  surface  of  the  world,  are  not  far 
distant  from  each  other. 

The  disturbed  strata  in  the  Isle  of  Wight  range  east  and  west, 
as  do  those  also  in  the  Weymouth  district,  in  the  Mendip  Hilts, 
in  a  large  part  of  Devonshire,  and  in  South  Wales.  The  date 
of  the  elevation  of  the  Isle  of  "Wight  beds  was  certainly  pos- 
terior to  the  deposition  of  the  London  clay,  and  there  would 
appear  litde  reason  to  doubt  that  the  disturbed  and  fractured 
condition  of  the  Weymouth  district  was  effected  at  the  same 
time.  But  when  we  continue  our  researches  into  Devonshire, 
we  find  that  the  east  and  west  arrangement  of  a  large  propor- 
tion of  the  grauwacke  in  that  country  was  produced  anterior 
to  the  deposit  of  the  (new)  red  sandstone  series,  since  the  latter 
rests  upon  the  upturned  edges  of  the  former  f.  If  we  now 
proceea  northwards  to  the  carboniferous  rocks  of  the  Mendips 
and  South  Wales,  we  find  they  also  have  suffered  an  elevation 
in  an  east  and  west  direction,  prior  to  the  formation  of  the 
(new)  red  sandstone;  so  that  in  the  southern  parts  of  England 
the  strata  have  been  twice  elevated  in  a  given  direction  at  dif- 


•  Elie  dp  Beaumont,  MSS. 
^  Both  the  one  and  the  other  have  been  suhneqiiently  fractured,  and  inan  j 
of  Uie  faults  have  somewhat  of  cut  and  nest  direction. 
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ferent  dates ;  and  if  we  continue  our  researches,  we  fi 
the  observations  of  Mr.  Weaver,  lliat  the  grauwacke  in  the 
South  of  Ireland  was  elevated  previous  Co  the  deposition  of 
the  old  red  sandstone,  also  in  an  east  and  west  direction;  thus 
affordiiif^  three  elevations  of  strata  {not  far  distant  from  each 
other)  in  the  same  direction,  biit  at  different  dates*. 

In  offering  these  observations  it  is  by  no  means  intended 
combat  the  general  principle  of  the  possibly  conteniporaneoi 
elevation  of  strata  at  various  and  distant  places,  resulting  fn 
the  if^radual  refrigeration  of  tlie  globe;  beds  of  various  kim 
having    beuu  subsequently  and  quielly  deposited  over  larL 
areas,  on  such  disturbed  strata;  but  simply  to  remark,  that, 
though  parallelism  may  frequently  exist,  it  may  not  be  a  neces- 
sary condition  of  contemporaneously  elevated  strata;   for  per- 
haps by  laying  too  much  stress  upon  this  point,  we  not 
are  in  danger,  in  the  present  state  of  our  knowledge,  of  perm 
ting  theory  to  take  the  lead  of  facts,  but  of  shutting  ourselves 
out  from  a  consideration  of  other  possible  lines  which  contei 
poraneously  elevated  strata  may  follow.     And  should  it  eve: 
tually  be  discovered  that  contemporaneously  disturbed 
are  by  no  means  parallel  though  still  in  straight  lines,  it  d 
not  appear  that  the  main  principle  of  M.  Elie  de  Beaumon 
theoi-y  would  be  atlccted  by  it.     What  lines  may  eventua 
be  found  to  prevail,  will,  as  previously  remarked,  require  ma 
time  and  great  patience  to  discover;  but  let  the  event  be  as 
may,  geologists  will  not  the  less  have  reason  to  feel   thankful 
to  M.  Klie  de  Beaumont  tor  having  rescued  the  subject  frool^H 
the  state  in  which  he  found  it;  it  being  impossible  but  thattM^^ 
investigations,  to  which  this  theory  will  necessarily  give  rise, 
must  end  in  the  most  important  additions  to  geological  know- 
ledge f . 

It  has  already  been  noticed  by  Prof.  Sedgwick,  tl)at  tt 
change  in  the  zoological  character  of  deposits  has  not  alwaj 
coincided  with  disruptions  of  strata;  and  the  student  will  have" 
collected  from  the  foregoing  pages,  as  indeed  is  also  remarked 
by  Prof.  Sedgwick,  that  tliere  was,  in  Euro(>e,  no  important 
change  in  the  general  zoological  character  of  deposits  up  to 
the  zechstein  inclusive  ;  the  first  great  alteraUon,  as  far  as  we 

•  It  bns  bc?n  considered  that  the  north  and  south  line  of  the  carboni- 
ferous rocks  in  Northern  England  wns  elevated  at  a  ditTcrent  epoch  from 
the  east  and  west  line  of  South  Wales  and  Somersetshire,  but  it  mnst  be 
confessed  that  this  point  is  fur  from  being  proved. 

■f-  It  is  but  rigbt  to  inform  the  student  that  various  objections  have  be«n 
made  to  lliis  theory  by  different  geologists,  more  particidArly  as  relates  to 
BOtno  of  the  lines  of  elevation  and  their  relative  dates.  Dr.  Bou^,  who  was 
among  tlie  first  to  notice  that  mountain-masses  were  elevated  at  diflercnt 
dates;,  has  inserted  a  series  of  objections  in  the  Journal  de  G6ologie,  torn.  iii. 
p.  338. 
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can  at  present  see  our  way,  being  observed  in  the  remains  en- 
tombed in  the  variegated  sandstone  (gresbigarre), and  muschel- 
kalk.  It  has  already  been  observed,  but  may  be  conveniently 
repeated  here,  that  the  etiect  produced  on  animal  and  vegetable 
Jife  by  an  upburst  of  a  line  of  rocks  suflicient  to  produce  a 
range  of  mountains,  might  destroy  all  terrestrial  animals  and 
even  a  large  proportion^  if  not  llie  whole,  of  the  vegetation 
within  the  influence  of  the  disturbing  cause,  not  only  by  pro- 
ducing a  deluge  over  the  land,  which  might  wash  off'  the 
animals  and  carry  away  a  great  proportion  of  the  vegetation, 
but  by  elevating  such  vegetation  into  colder  regions  of  the  at- 
mosphere where  it  could  no  longer  exist.  In  this  case  we 
suppose  land  so  situated  as  to  produce  plants  and  to  support 
terrestrial  creatures;  but  it  will  be  evident  that  if  we  admit  a 
contemporaneous  disruption  of  strata  at  different  points,  it 
would  take  place  under  various  conditions.  In  one  place  it 
may  be  effected  in  the  atmosphere,  in  another  in  shallow  seas, 
and  in  a  third  beneath  a  great  tlepth  and  pressure  of  the  ocean ; 
consequeirtly  the  resulting  )vha.*nomena  would  be  as  various  as 
the  conditions  under  whiclt  the  disruption  and  elevation  of 
strata  were  produced :  but  it  will  he  obvious  that  the  tlestruction 
of  marine  life  would  be  very  difficult,  and  we  can  scarcely, 
from  known  facts,  consider  tbnt  there  has  been  a  disruption  of 
the  rocks  composing  the  earth's  surface  so  general  as  to  annihi- 
late all  marine  creatures  at  a  given  time,  even  with  every  allow- 
ance for  the  op*.'ratioiTs  of  powerful  and  destructive  currents; 
though  we  can  conceive  that  near  the  centres  of  every  great 
disturbance  there  might  be  a  very  great,  and  as  far  as  related 
to  certain  areas  complete  destruction  of  marine  creatures. 

On  the  Occwrence  of  Metals  in  Rods. 

To  enter  fully  into  this  subject  would  require  a  volume;  the 
f(>tlowuig  notice  is  therefore  solely  intended  to  call  the  attention 
of  the  student  to  a  few  circumstances  which  may  be  generally 
interesting. 

Metals  occur  in  rocks  either  disseminated  ;  in  bunches  ;  in  a 
net-work  of  strings  or  small  veins;  in  beds;  or  in  veins  fillinjg 
fissures,  which  traverse  beds  or  masses  of  rock.  When  metals 
are  disseminated  through  a  rock,  as  tin  often  is  in  granite,  and 
iron  pyrites  in  many  trap  rocks  and  clay  slates,  there  can  be 
little  doubt  that  they  constituted  original  portions  of  the  rock, 
and  that  they  were  chemically  separated  from  the  mass  during 
consolidation.  When  metals  occur  in  bunches,  as  the  copper 
at  Ecton,  StafTordshire,  or  the  lead  in  the  Sierra  Nevada,  in 
Spain,  there  is  a  difDculty  in  considering  them  otherwise  than 
cotiletnporaneou&  with  the  rocks  in  which  they  are  included. 
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The  occurrence  also  of  metats  ir>  strings  or  small  veins  crc 
each  other  in  all  directions,  so  that  in  n  section  they  appea 
hke  net-work,  reminds  us  strongly  of  the  small  strings  or  veil 
of  carbonate  of  lime  in  many  limestones,  as  has  already  ht 
observed  by  Mr,  Weaver  respecting  those  of  copper  in  Re 
Island,  Lake  of  Killarney;  so  that  if  not  precisely  contemi 
raneous  with  the  original  formation  of  the  including  rock, 
were,  like  the  calcareous  veins  in  the  limestone,  secreted  fro* 
the  rock  into  small  cracks  possibly  produced  during  consolidt 
tion.     The  occurrence  of  metals  in  beds  has  been  much  dis 
puted  or  commented  on,  but  it  must  be  admitted  tliat  ironoi 
frequently  occurs  in  beds,  and  we  must  regard  the  copf 
slate  of  Thuringin  and  other  adjacent  countries  as  to  a  certaii 
extent  a  metallic  bed,  though  it  does  not  strictly  come  undc 
the  head  of  a  betl  of  solid  ore.     The  appearance  of  metals  ii 
beds  is  often  deceptive,  being  nothing  more  than  a  continuatic 
of  a  vein  laterally  between  strata;  thus  in  the  rich  copper  mil 
of  Alhhies,  in  the  South  of  Ireland,  "  the  ore  occurs  in  alara 
quartz  vein,  which  generally  intersects  the  slaty  rocks  of  tr 
country  from  north  to  south,  but  in  some  cases  runs  parallel' 
to  the  stratification  *."     Mr.  Taylor  informs  me  that  the  lead 
at  Nent  Head  in  Alston  Moor,  Cumberland,  shoots  out  later 
ally  among  the  strata,  and  that  the  same  fact  is  observable  ii 
different  mines  in  Yorkshire  and  Flintshire, 

The  most  common  occurrence  of  metals  is  however  in  vein* 
or,  as  they  are  termed  in  Cornwall,  lodes.  These  are  in  par 
filled  up,  but  in  various  proportions,  with  metallic  substanc 
and  have  the  general  appearance  of  fissures.  They  dip 
various  angles,  not  unfiequently  approachinga  vertical  positioi 
It  was  at  one  time  much  disputed  whether  these  fissures  h{ 
been  filled  from  above  or  beneath ;  but  from  facts  that  have 
been/noticed  within  a  few  years,  more  particularly  by  Mr. 
Taylor  and  Mr.  Carne,  there  is  much  difficulty  in  considering 
that  either  hypothesis  is  generally  correct.  It  now  appears 
that  the  mineral  character  of  a  metalliferous  vein  greatly  de- 
pends upon  the  rock  which  it  traverses,  that  is,  when  a  vein 
traverses  two  rocks,  as  for  instance  granite  and  slate,  the  con- 
tents of  the  vein  are  not  generally  the  same  in  the  two  rocks, 
but  will  be  diSerent  in  the  one  and  the  other. 

Mr.  Carne  has  observed  respecting  the  metalliferous  veins 
of  Cornwall,  that  it  is  a  rare  circumstance  when  a  vein  whic" 
has  been  productive  in  one  rock  continues  rich  long  after  it  hi 
entered  into  another.    The  same  author  has  also  remarke 
that  a  similar  change  will  be  observed  even  in  the  same  rock^ 
should  such  rock  become  harder  or  sofler,  more  slaty  or  more 


Weaver,  Proceedings  of  tlic  Gcol.  Soc.  June  4,  1830. 
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compact.  He  admits  tliat  such  eliniiges  are  sometimes  small, 
but  states  thnt  the  general  iael  is  sufficiently  apparent,  and 
often  very  striking*. 

Such  facts  are  not  confined  to  Cornwall,  but  have  been  ob- 
served elsewhere;  thus  the  lead  veins  traversing  the  carboni- 
ferous limestone  of  Derbyshire,  which  is  in  some  places  much 
associated  with  trap  rocks,  are  found  to  be  so  altered  in  their 
passage  through  the  trap,  which,  from  the  mode  of  association, 
presents  the  appearance  of  interstratificatton,  that  it  was  once 
considered  the  trap  cut  off'  the  lead  veins ;  this  is  however  now 
well  known  not  to  be  the  case. 

This  fact  of  the  alteration  of  metallic  veins  in  their  passagie 
from  one  kind  of  rock  to  another,  or  in  the  same  rock,  should 
that  become  changed,  would  lead  us  to  consider,  with  Mr.  Fox, 
that  their  formation  has  been  in  a  great  measure  due  to  the 
silent  though  powerful  influence  of  electricity.  This  inquiry 
may  yet  be  considered  in  its  infancy ;  but  the  experiments  of 
Mr.  Fox  on  the  electro-magnetic  properties  of  the  metalliferous 
veins  of  Cornwall  will  be  read  with  great  interest  f . 

That  many  of  these  veins  are  fissures  produced  by  disloca- 
tions similar  to  those  which  are  commonly  found  jn  various 
countries,  and  are  supposed  to  abound  more  in  the  coal- 
measures  only  because  opportunities  of  detecting  them  are 
there  more  frequent,  seems  highly  probable ;  indeed  if  veins 
are  of  different  ages,  and  by  cutting  one  another  shift  each 
other,  OS  has  been  shown  to  be  frequently  the  case  in  Cornwall^ 
we  can  scarcely  doubt  it.  The  following  is,  according  to  Mr. 
Carne,  the  relative  ages  of  the  veins  in  Cornwall :  1 .  oldest  tin 
lodes;  2.  the  more  recent  tin  lodes;  3.  the  oldest  east  and 
west  copper  lodes;  4.  the  contra  cupper  lodes;  5.  cross 
courses ;  6.  the  more  recent  copper  lodes ;  7-  the  cross  flukans 
(clay  veins) ;  and  8.  the  slides  (faults  with  clay  in  the  fissures)  J. 

Now  if  this  relative  antiquity  of  veins  be  generally  correct  as 
far  as  resfjects  Cornwall,  it  becomes  a  curious  question,  why, 
if  similar  causes  have  produced  them,  similar  results  should 


•  Came,  Trans.  Geol.  Soc.  of  Cornwall,  vol.  iii.  p.  81. 

t  Fox,  Pliilosophical  Trantiactioni,  1630,  p.  399.  Tliit  author  conaiclen 
that  the  relative  power  of  conducting  galvanic  electricity  ts  in  the  following 
order  in  aome  of  the  metalliferouB  minerals.  Conduclort :  Copper  nickel, 
purple  copper,  yellow  sulphuret of  copper,  vitreous  copper,  Rulphuret  of  iron, 
anenical  pyrite«,  sulphuret  of  lead,  amenical  cobalt,  crjitallized  black  oxide 
of  manganese,  Tennantite,  Fahlerz.  Fert/  imperfect  condvcton  :  Sulphuret 
of  molybdenum,  »ulphuret  of  tin,  or  rather  bell-metal  ore.  N<m-conductort  : 
Sulphuret  of  silver,  sulphuret  of  mercury,  sulphuret  of  antimony,  lulphuret 
of  binnuth,  cunriferoui  bismuth,  realgar,  lulphuret  of  mangancie,  aulphuret 
of  zinc,  and  mineral  combinations  of  metals  with  oxygen,  and  vith  acids. 

{  On  the  relative  Age  of  the  Veint  in  Cornwall ;  Came,  Geol.  Trans,  of 
Comwalt,  vol.  ii. 
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not  be  the  consequence.  If  we  admit  the  possibility  of  sei 
ting  the  contents  of  veins  from  the  rocks  by  electrical  means 
we  cannot  so  readily  understand  why  different  metals  shonid 
fill  the  veins  in  the  same  rocks,  though  the  direction  of  the 
veins  might  have  considenible  influence  on  tlie  conditions  and 
mineralogical  conibinaltons  of  the  same  metal.  While  again 
if  we  consider  them  ejected  from  beneath,  we  are  at  a  loss  to 
understand  why  the  metiiliic  veins  should  be  so  much  altered 
in  their  passage  through  ditl'ercnt  rocks.  We  ore  certainly 
not  prepared  to  say  what  efl'ect  may  have  Ix^en  produced  on 
the  vein,  and  on  the  including  rocks,  from  the  continued  pass- 
age of  electricity  through  the  vein  during  an  inimeniie  laps« 
of  time,  or  from  the  arrangement  of  rocks  on  the  large  scale, 
producing,  when  projierly  connecteil,  the  effects  of  a  grand 
galvanic  battery  ;  but  ax  the  information  at  present  stands,  the 
history  of  metalliferous  veins  is  anything  but  clear.  It  is  quite 
certain  from  the  dissemination  of  metals  in  rocks,  that  they 
may  constitute  an  original  portion  of  them ;  the  small  strings 
also  whtcli  cross  each  other,  and  are  unconnected  with  great 
veins,  have  all  tlie  appearance  of  chemical  separations  from 
the  including  rock ;  therefore  a  given  rock  may  contain  the 
necessary  elements  for  secreting  substances  into  a  fissure,  in 
the  same  manner  that  carbonate  of  lime  frequently  fills  fissures 
in  limestones,  and  quartzose  veins  are  common  in  rocks  where 
silica  is  ahundant. 

If  the  theory  of  internal  heat  be  well  founded,  it  will  be 
evident  that  the  two  ends  of  a  metallic  vein  will  he  difJerontly 
heated,  and  therefore  we  should  have  a  thenno-electrical  ap- 
paratus on  the  large  scale,  producing  effects  which,  thoun;h 
slow,  might  be  very  considerable.  How  far  such  really  exist 
in  nature  remains  questionable;  but  it  may  be  observed  that 
the  experiments  of  Mr.  Fox  show  the  possibility  of  their 
occurrence ;  and  should  further  researches  in  this  highly  in- 
teresting subject  merely  so  divide  it,  that  some  of  its  present 
apparent  complexity  may  disappear,  a  great  advance  will  be 
made  in  this  now  obscure  branch  of  geological  inquiry. 
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ORGANIC  REMAINS. 

Organic  Remains  of  the  Supracretaceous  Group. 

[The  reader  will  find  a  great  number  of  organic  exuvis  noticed,  in  con- 
nexion with  ttic  vurioua  rocka  which  contain  them,  mid<.-r  the  head  of  the 
Supracretaceous  Group.  The  following  are  lisla  which  were  considered  too 
loug  to  be  inserted  with  the  descriptions  of  the  beds  iti  which  they  are  stated 
to  have  beeu  discovered.] 

A.   Organic  Remains  in  the  Supracrrlaceou*  Blue  Marls  of  the  Sottth  of 
France,  acc(frtliii(/  to  M.  Murcel  de  Strres*. 

Lenttcvlites  compUnatn,  Defr.,  Itoly,  Bordeaux,  and  C. 
Vaojnella  depreBsa,  Bast.,  Bordeaux;  Buli-a  ampulla,  Lam.,  Italy;  B. 
•triata  ?  Lam.,  Italy,  Bard.;  B.  hydatis  f  Loot.,  Italy;  B.  truiicatula,  Broc, 
Italy,  Bord. ;   B.  lignaria,  Lain.,  Uurd.,  Italy,  Paris,  England;  Testacella 
haliotidea,  Drapaniaud,  an  unulogue. 

pLANoaais  miimtua,  Fcwjus  de  SL  Fond. 

AuaicuLA  Pisuin,  M.  de  S.,  Italy;  A«,  (species  resembling  Voluta  myo- 
tia,  Broc.},  Italy  ;  Au.  myosotis,  Drapamaud,  Italy. 

ToHNATELLA  faitci.'ita,  Lam.,  aimluguus  w'ith  the  existing  tpecles,  T.  alio- 
gate,  Deth.,  Paris ;  T.  indata,  F/ruttac,  Bord,,  Paris. 

Paludina  Brardii.     Ami-i^llaria  Faujasii. 

Melanupsis  loivigaia,  Lam. ;  M.  depcrdita,  M.  de  S. 

Melania  veatricosa,  Fauj.  de  St.  Fond;  M.  pyramidata,  Fauj.  i€  St. 
Fond. 

Nerita  Plutonis,  Bant.,  Bordeanx. 

Natica  epiglotinii,  ^il,  Brang.,  Italy  and  C. ;  N.  patula,  Italy,  England; 
N.  cruentata  ? /ytifli.,  Italy;  N,  vitcllus .'  Lam.,  Italy;  N.  Guilleininii,  Paif- 
randeau,  analogous  to  the  living  species,  N.  Olln,  M.  de  S.,  Italy  ;  N.  hclicina, 
Broc,  Italy. 

Delpuinula  Solaris  (Trochiis  solaria,  Broc),  Italy. 

Turbo  rugoeus,  Broc,  Italy;  T.  tuberculatua,  M.  de  S.;  nuuieroua  oper- 
cula  of  the  Turbo. 

Taocniis  cingulatus,  Broc,  Italy  ;  T.  atriatns,  Broc,  Italy ;  T.  magiu, 
Xon. ;  T.  coiiuki.s,  Lum. ;  T.  Matonii,  Payrandeau  (analogoua  with  the  spe- 
cies now  living  in  the  MeditcrraneaiiJ  ;  T.  Fernionii,  Payrandeau ;  T.  zizy- 
phitiua,  Lam.,  an  analogue;  Trochus,  resembling  T.  mouiliieruK,  Lam. ;  f. 
patulus,  Broc,  Bord.,  Italy;  T.  agglutinans,  Broc,  Italy;  T.  granulatus, 
M.  deS. 

Pmasianclla  pulla,  Payrandeau  (analogous  with  the  existing  apcciea)  ; 
Ph.  Iwvis,  M.  de  S. 

Solarium  sulcatum.  Lam.,  Paris;  Solarium,  very  near  S.  loivigatum,  Lam. 

ScALAniA  Textorii,  M.  deS.  (Turbo  pscudo-scalnris,  Broc),  Italy  and  C. ; 
Sc.  canccllata  (Turbo  canccllutus,  Broc),  Italy;  Sc.  laincllosa  (Turbo  la- 
melluaus,  Broc),  Italy. 

•  The  names  which  follow  those  of  the  aulhors  who  have  named  the  specie*, 
point  out  the  other  lucalitirs,  or  !.uprncrelacei>ui>  ba>iris  m  they  are  tenned,  in  which 
the  laiiic  fo*Ml  h  confiidercd  to  he  iuund.  When  the  letter  C.  h  appended,  it  thow* 
that  it  is  aUo  discovered  in  the  calcairc  mocllon  of  the  South  of  Prance. 
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TuRRiTELLA  rodfera,  Lam,,  in  the  marine  sands,  the  calcareoas  miHit, 
and  the  calcaire  moelion;  T.  terebralis.  Lam.,  Bord.,  Italy  and  C.  j  T.  l«Te- 
bra,  Lam.,  (nnrUogwe  of  the  existing  species),  Italy  and  C, ;  T.  turns,  Batt,, 
Italy  and  C. ;  T.  tricarinata  ('I'urbo  tricarinatUR,  liroc),  Italy  ;  T.  vanicoM 
(Turbo  varricosus,  Broc),  Italy;  T.  cathedralis,  Al.  Broriff.,  Italy;  T.  coch- 
leaia  (Turbo  cochlentus,  Broc),  Italy;  T.  Archimedia,  ^llL  Brong.,  Italy; 
T.  gerrata  (Trochus  aerratus,  Broc),  Italy;  T.  marginalis  (Turbo  niarginaut, 
Broc),  Italy;  T.  miiricata  (Turbo  muricatus,  Broc),  Italy;  T.  hubricala! 
Lam.,  Paris  and  C. ;  T.  duplicala  (Turbo  duplicatus,  Broc],  Italy;  T.  per- 
forata^ Lam.,  Paris;  T.  acutjingula  (Turbo  aculangulus,  Broc.),  Italy;  T. 
trtplicata  (Turbo  triplicatus,  Broc),  lulyaiidC;  T.  vermicularis,  .-ILBrong., 
Italy  und  C. ;  T.  fuacata.  Lam.,  (analogous  to  the  specie*  exLsting  in  the 
Mediterranean  and  Ocean);  T.  Proto,  Bant.,  Bordeaux,  Italy,  and  C. ;  T. 
replicata( Turbo replicatus,  Broc),  Italy;  T.  quadriplicata,  Batt.,  Bordeaux; 
T.  lata,  M.  de  S. ;  T.  cornna,  .1/.  de  S. 

CERiTKtvu  tuarginntuni,  Bnignivre,  Italy  and  C. ;  C.  prisniatjcuin,  Al, 
Brnnff,,  Italy  ;  C.  cinctuni,  Bast,  (not  C.  cinctum,  Bruguurt),  I^rdcaux; 
C  cinctum,  BruguiSre  (C.  Icinniscatum,  Al.  Brong.),  Italy ;  C.  pictuio, 
Boat.,  Bord.,  Italy;  C.  sukatum,  Bruguicre  (C.  plicatum.  Bast.),  Bord., 
Italy;  C.  dolioluni  (Murex  doliolum,  Broc),  Italy;  C.  pticutum,  Bruguiere 
(not  Batt.),  Bordeaux:  C.  papaveraceum,  Bast.,  Bordeaux;  C.  subgrauomim, 
Lam.,  Paris;  C.  tubercuIcwuTn  ?  Lam.,  Paris;  C.  nmbilicatum,  Lam.,  I'uii; 
C.  Cutellini,  A!.  Brong.,  Italy;  C.  Lima,  Bruguiere  (Murex  scaber,  Broc), 
Italy;  C.  nmtabile,  Lam.,  Paris;  C.  bicarinatuni,  Lam.,  Paris;  C.  turbinatum 
(Murex  turbiiiatus,  Broc),  Italy  ;  C.  vulgatuin  antiquum,  Italy  ;  C.  multi- 
Bulcatum,  Al.  Brong.,  Italy;  €.  calcaratum,  A  I.  Brong.,  Italy;  C.  msllt- 
granulatum,  Af.  de  S.;  C.  alucaMer  (.Murex  alucaster,  Broc),  Italy;  C. 
baecatum,  Ai.  Brong.,  Italy ;  C.  ampuUosuni  ?  Al.  Brong.,  Italy. 

pLEunoTOMA  turricuta  (Murex  turricula,  Broc),  Italy;  P.  ditnidutt 
(Murex  dimidiattv,  Broc),  Italy;  P.  muricata,  M.  de  .^.,  Italy;  P.  tiuricult 
(Murex  auricula,  Broc),  Italy;  P.  textile  (Murex  textile,  Broc),  Italy;  P. 
oblonga  (Murt?x  oblungu^  Broc),  Italy  ;  P.  contigiia  (Murex  contigmu, 
BrocJ),  lUily  ;  1'.  raitra;fonuis  (Murex  milnErorjui*,  Broc),  Italy;  P.  mul- 
tmoA&.  Lam.,  Pari>> ;  P.  ftpiralis,  M.de.S.;  P.  subulata  (Slurex  aubulatui, 
Broc),  Italy  ;  P.  Farinensis,  M.  de  S. ;  P.  haqiula  (Murex  harpula,  Broe,)^ 
Italy ;  P.  clatlirata,  M.  de  S. ;  P.  Panmis,  Batt.,  Bordeaux. 

Fusu8  tignariuA,  Payrnndean  (analogue  to  the  existing  species,  comnuiDiii 
the  Mediterraneiin),  Italy;  P.  subearinatus,  .41.  Brong.,  Italy;  F.  subulatai 
(Murex  subulatus,  Broc],  Italy;  Fusus,  a  species  between  F.  SyracuMnns 
of  Lamarck,  and  another  and  undeacribed  species  of  the  Mediterranean;  F. 
polygonue,  Al.  Broag.,  Italy;  F.  rugosns,  Lam.,  Paris;  F.  longirodrii 
(Murex  longirostris,  Broc),  lUxiy  ;  F.  uniplicutus,  Lam.,  Paris. 

Cancellaria  clathraln.  Lam.,  Paris. 

Ptru!.*  transversalis,  Af.  dc  S.;  P.  ficoides,  Lam.,  (analogue  of  a  linng 
species),  Italy;  P.  clntlirnta,  Lam.,  Italy;  P.  clathroides,  M.  de  S. 

Ranella  nmr^inata,  Al.  Brong.  (Buccinum  marginatum,  Broc),  Bor- 
deaux, Italy;   K.  ranino,  Lam.  (an  analogue). 

MuBi^x  brandaris,  Lam.,  Italy;  M.  atiguliicrua,  Lam.  (apparenllir  u> 
analogue  of  the  living  species),  Italy  ;  Murex  Motacilla,  Lam.  (an  anafoguc 
of  the  livingHpecics),  Italy ;  M.  craticulntus,  ZJror.,  Italy;  Murex  opproachirg 
M.  truiicuius,  Italy;  M. intermedius,  Broc,  Italy;  M.  calcitrapoides,  Lam., 
Paris;  M.  Blainvillii,  Pai/ratideau  (so  Like  the  living  species  in  the  Medi- 
terranean, that  it  cannot  be  distinguished  from  it) ;  Murex  cornu(u»,  Lam. 
(apparently  the  analogue  of  the  existing  species),  Italy;  M.  Haustellurn, 
Lam.  (resembles  the  living  species) ;  M.  brevispino.  Lam.  (an  analogue  of 
an  existing  species);  M.  tenuispina,  Lam.  (an  analogue),  Bordeaux,  Italy; 
M.  crassispina,  Lam.  (analogous  to  a  living  species),  Italy;  M.  rarispina. 
Lam,  (a  complete  analogue),  Italy ;  Murex,  appraacbiag  M.  beptagonus  of 
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ehi,  Italy;  M.  tripterus.  Lam.  (var.) ;  M.  cristatus,  Ifroc,  Italy;  M. 
dccussatus,  Broc,  Italy  ;  M.  transversalis,  M.  tie  S.;  M,  rostratus,  Broe., 
Italy  ;  M.  oblongus,  Broc,,  Italy. 

TuasiNELLA  infiindibulum ?  Lam.,  analogous  to  the  existing  species. 

TntTON  corrugotuni,  Lam.  (an  analogue),  Italy;  T.  pileare,  Lam.  (onalo- 
eous  to  a  species  now  living  in  the  Mediterranean),  Italy  ;  T.  doliarc,  Broc, 
Bordeaux,  Italy;  T.  personalum,  M.deS.;  T.  iiiternieilium  (Murex  in- 
termedium, Broc),  Italy;   T.  Cliloroatonia,  Lam  ,  (an  analogue.) 

Ro5TELL.iR]A  PcB  Pclicani  (Strombuii  Pea  Pelicani),  Italy,  Bordeaux. 

SrauMBus  pugili^i,  Lam.  (a  species  comuletDly  analogous  with  that  now 
existing  in  the  Mediterranean)  j  S.  tuberculifenis,  M.  de  S. 

Cassidaria  ecliinophora  (Bucciauinechinophonim,  Broc.)  (an  analogue), 
Italy. 

Casais  Rondeleti,  Bast.,  Bordeaux ;  C.  marginatus,  M.  de  S. ;  C.  diluvii, 
M.  de  S.\  C.  Btriatus,  M.  de  S. ;  C.  inflatus,  M.  de  S. 

DoLiuM,  casta  of. 

Nabba  gibba  (Buccinum  gibbum,  Broc.),  Italy  ;  N.  Caronia,  AL  Brong., 
Italy  ;  N.  semi-Btriata,  Ai.  Bron^.,  Italy. 

Buccinum  aspenilum,  ^roc,  Italy;  B.  semi-Btriatum,  Broc,  Italy;  B. 
tranaversalc,  M.  de  S. ;  li.  comigatuni,  Broc,  Italy ;  B.  aemi-costatuni, 
Broc,  Italy  ;  B.  Calmeilii,  Payravdeau  (altogether  reBembling  the  species 
■0  common  in  the  Mediterranean) ;  B.  prismaticum,  Broc,  Iluly  ;  B.  Lace- 
pedii,  Pai/randeau,  C. ;  Buccinum,  apparently  approaching  B.  gemmulatum 
of  I^amarck,  C. ;  B.  polygonum,  Brae,  Italy;  B.  flexuosuin,  liroc,  Italy; 
B.  clatbratuin,  Lam.,  Italy;  B.  gibbum,  Broc,  Italy;  B.  Miga,  I^am. 
(closely  approaches  the  living  species) ;  h.  angulatum,  Broc,  Italy;  B.  re- 
ticulatum.  Lam.  (analogous  to  the  existing sjiei-ieii),  Bordeaux,  Italy;  B.  oli- 
vaceum,  Litm.  (apparently  an  analogue  of  the  living  species! ) ;  B.  Turbinellus, 
Broc,  Italy ;  B.  politum,  Bast,  Bordeaux,  Italy ;  B.  mutabile  (completely 
analogous  to  the  living  species),  Italy ;  B.  crcnidatum.  Lam.  (a]vparcntly  an 
analogue  of  the  existing  species),  Italy  ;  B.  Carcassonii.  Af.  de  .S', ;  B.  cos- 
tulatum,  Broc.  Italy;  B.  pamilum,  Af.  de  S.;  B.  gibbosuhim,  Broc,  Italy; 
6,  pusillum,  M.  de  S.,  Italy. 

Tebebra  duplicata,  Lam.  (an  analogue  of  an  existing  species),  Bordeaux, 
Italy;  T.  Vulcani,  ^-11.  Brong.,  Italy;  T.  pertusa,  Batt.,  Bordeaux,  Italy; 
T.  dimidiata  (an  analogue  of  the  existing  8j>ecies)  ;  T.  plicaria,  Bait.,  Bor- 
deaux. 

MiTRA  BCTobiculatfl  (Voluta  scrohtcidata,  Broc),  Italy;  M.  Brocchii, 
M.  de  S.,  Italy ;  M.  Gervilii,  Payrandeuit,  C. ;  M.  pyramidella  (Voluta  py- 
ramidella,  Broc),  Italy. 

I'uHFUuA  Lassaignei,  Bast.,  Bordeaux  ;  P.  bicostalis,  Lam.  (analogue  of 
the  living  speciefl) ;  P.  undata,  Lam.  (also  an  analogue  of  an  existing  ape* 
cies.) 

.VoLUTA  varricoso,  Broc,  Italy  ;  V.  piscatorin,  Broc,  Italy  ;  V.  citha- 
rella,  Al.  Brong.,  Italy;  V.  buccinea,  Broc,  Italy;  V.  pyramidelln,  Broc, 
Italy;  V.  tomatilis,  Broc,  Italy. 

RissoA  Cimex,  Bast.,  Bordeaux,  Italy  ;  R.  cancellata,  Lam. ;  R.  pusilla, 
(Turbo  pusillus,  Broc),  Italy ;  R.  cochlearella,  Lam.,  Bordeaux,  Italy, 
Paris. 

Maroinella  cypriEola  (Voluta  cypraeolu,  Brcc),  Italy ;  M.  buccinea 
(Voluta  buccinea,  y/roc),  Italy- 

CypRfA  Amygdaluin,  Broc,  Italy;  C.  Mus,  Lam.  (analogous  to  the 
living  speciea),  C. ;  C.  Coccinella,  Bast,,  Bordeaux,  C.  elongata,  Brae.^ 
Italy,  C. 

Anoplax  inflata,  Al  Brong.,  Italy. 

OvuLA  caniea,  Ltim.  (an  analogue  to  the  existing  apecies),  C. 

CoNua  bctuliuoides,  Lam.,  Paris;  C.  virginalis,  Broc,  Italy;  C.  Pymla, 
.flroc.,  Italy  ;  C.  avellana,  Lara.,  Italy;  C.  turricuJa,  Broc,  Italy;  C.  AI- 

2  K 


498  Organic  Remains  in  Blue  Marls  of  the  S.  of  France. 

drovandi,  Broe.,  Italy ;  C.  PelagicuB,  Broc.,  Italy  ;  C.  Mercati,  Bast.,  Bord., 
Italy;  C.  i-anuUculatiw,  Broc,  Italy  and  C;  C.  deperditus,  Broc,  Bor- 
deaux, Italy,  Paris ;  C.  mediterraneus,  Lam.  (analogous  to  the  existing 
■pecics),  C. 

SiOARETUs  coatatiu  (Nerita  costata,  Broc),  Italy,  C. ;  S.  atriatus,  Af.  deS. 

PiLEOPBis  Paretti,  M.  de  S. 

Calyptk^  A  laevigata,  De*h,,'Pai\a;  C.  muricata  (Patella  muricata,  Bree.), 
Italy,  C. 

Crcpidula  unguiformis,  Batt.,  Bordeaux,  Italy. 

Pateila  vulgata?  Lam.;  P.  Bonardii,  Payrandeau  (analogous  to  the 
existing  species),  C. ;  P.  Umbello,  Lam.  (also  an  analogue),  C. ;  P.  glabra, 
Desk.,  Paris, 

FissuRELLA  grtDca,  Desk.  (Patella  grseca,  Broc),  Italy,  Paris. 

EuAKoiNULA,  a  species  closely  approaching  E.  fissura  of  Zomorcil,  andE. 
reticulata  of  Sowerby. 

AvicuLA,  species  not  determined. 

Ferna  mytiloides,  Lam.,  Bordeaux,  Italy. 

Lima  bulJata,  Payrandeau  (analogue) ;  L.  Breislaki,  Bait.,  Bordeanx, 
Italy;  L.  inittica,  Lam.,  Italy;  L.  nivea,  (Ostrea  nivea,  Renieri,  Bnc), 
Italy. 

Pecten  laticostatus,  Lam.,  Italy  and  C. ;  P.  benedictus,  Lam.,  Bordeaux, 
Italy  and  C;  P.  Plica  (Ostrea  Plica,  Broc),  Italy;  P.  scabreHus,  Bait., 
Bord.,  Italy  and  C. ;  P.  dubins  (O.  dubia,  Broc),  Italy  and  C, ;  P.  multi- 
radiatus,  Bord.,  Italy;  P.  pkbcius  (O.  ptebeia,  Broc),  Italy;  P.  arcaatot 
(O.  arcuata,  Broc),  Italy;  P.  turgidus,  Lam.,  apparently  approaches  tie 
species  found  in  the  American  seas ;  P.  lepidol&ris,  Lam.,  Italy  and  C. ;  P. 
Btriatulus,  Lam.,  Italy  and  C. ;  P.  striaius  (O.  striata,  Broc),  Italy  ;  P.  'wr 
Kquicostalis ?  Lam.,  Italy;  P.  Pusio,  Lam.,  Italy  and  C. ;  P.  scutulansT 
Lam.,  Italy  and  C. ;  P.  unkolor,  Lam.,  Italy  and  C. ;  P.  fiabelliformis  (0, 
flabcliiformis,  Broc),  Italy;  P.  palmatus,  Lam.,  Bordeaux;  P.  solarium, 
Lam-,  Italy ;  P.  terebratula-formis,  AL  de  S.,  Italy  and  C. ;  P.  Toumilii, 
M.deS.;  P.  Phaseolus?  Lnwi.,  Italy;  P.  seniensis,  Lam.,  Italy  and C; 
P.  jacobaeoides,  A/,  de  S.,  Italy  ;  P.  pusioidea,  Af.  de  S.,  Italy. 

SroNDTLus  giederapus,  Broc,  Bord.,  Italy ;  S.  rastellum,  Lam.,  Itiij 
and  C. 

HiNNiTEs  BniBsonii,  M.  de  S.;  \l.  Leufroyi,  M.  de  S. 

Plicatola,  species  not  determined. 

OsTRF.A  canalis,  Lnm.,  Parisand  C;  O.  crassissima,  Lam.,  C  ;  O.  undiiti. 
Lam.,  Bord.,  Italy  and  C;  O.  virginica,  yfZ.  Brong.,  Italy;  O.  edulina,  Lim., 
Italy  and  C, ;  O.  colubrina,  Lam.,  Paris ;  O.  scabrella,  M.  de  S.,  Italy ;  0. 
anomialis,  Lam.,  Italy,  Paris  ;  0.  iflabellula.  Lam.,  Bord.,  Italy,  Paris;  0. 
frondosa,  M.  de  S. ;  O.  crenulatoides,  M.  de  S. ;  O.  cristata,  Lam.,  appa- 
rently analogous  to  the  existing  species,  Italy  ;  O.  corrugata,  Broc.,  Italy. 

Anomia  Ephippium,  Broc,  analogous  to  the  existing  species,  Italy  ;  A.  c«- 
tata,  Broc,  Bord.,  Italy ;  A.  sulcata,  Broc,  analogous  to  the  species  now 
living  in  the  Mediterranean,  Italy;  A.  radiata,  Broc,  Italy;  A.  cepa,ZaML, 
analogue  of  the  existing  species,  Italy  ;  A.  sinistrorsa,  M.  de  S. ;  A.  elec- 
trica,  Lam.,  analogue,  Italy  and  C. ;  \.  Lens,  Lam.,  closely  approaches iIh 
living  species,  Italy  and  C. ;  A.  Pcllis  Scrpentis,  i5roc.,  Italy  and  C. 

Pinna  subquadrivalvis,  Italy;  P.  atigusfana?  Lam.;  P.  tetragona,  Bne., 
Italy  ;  P.  peclinata,  Lam,,  approaches  the  living  species. 

AacA  barbata.  Lam.,  analogue  ;  A.  Gaymardi,  Payrandeau,  apparently 
Analogous  to  the  living  species ;  A.  nntiquatn,  Lam.,  analogue  of  the  exist- 
ing  species,  Italy ;  A.  DUuvii,  Bast.,  Bord.,  Italy  and  C.  ;  A  aurita,  Broe^ 
Italy ;  A.  biangula,  Lam.,  Italy ;  A.  lactoa.  Lam.,  analogue  of  the  living 
species,  Italy  ;  A.  Quoyi,  Payrandeau,  analogous  to  the  living  specie*;  A. 
cardiiformis,  Bait.,  Bordeaux,  Italy  ;  A.  Breislaki,  Btut.,  Bord.,  Italy;  A- 
pectinata,  Broc,  Italy;  A.  clathntta,  Batt.,  Bordeaux. 
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ruNcuLus  vioittce'scens,  /.am.,  auaiogoustu  llie  living  species;  f.  num- 
marius  (Area  nummarin,  Broc),  C. ;  F.  pygniaiuis,  Lam.,  Paris;  P.  sub- 
concentricus.  Lam.,  Paris;  P.  pulvinatus,  Bord.,  Italy,  Paris,  England, 
and  C. 

NucuLi  mtnuta  (Area  miauta,  Broc),  Italy;  N.  pella,  Lam.,  analogua 
of  the  living  Bpecies.  Italy  ;  N.  nicobarica,  Lam.,  Italy;  N.  rostrata,  Lam. 
(an  analogue),  Italy;  N.  margaritacea,  Lam.,  analogous  to  the  existing 
tpecies,  Bord.,  Italy. 

MoDiocA  diacrepans,  Lam.,  C. ;  M.  Semen,  analogous  to  the  existing 
■pedes;  M.  subcarinata?  Lam. ;  Mytilus  edulii,  Batt,  (Broc),  Bord.,  Italy. 

Unio,  species  undetermined. 

Anodonta,  perhaps  many  species. 

CYraicAaiiiA,  many  species,  not  determined. 

Cakdita  ajar,  Lam.;  C.  trapezia.  Lam.,  an  analogue  ;  C.  sintiata,  Pay- 
rmtdnau,  an  analogue. 

Ckassatella  latissima,  Lam. 

IsocARDiA  Cor,  Lam,,  exactly  resembling  the  living  species,  Bord.,  Italy< 

Chama  intermedia,  Broc,  approaches  Cardita  of  Lamarck,  Italy ;  C. 
pectinata,  Brae,  Italy;  C.  gryphoidea,  Lam.,  analogous  to  the  existing 
species,  Bordeaux,  Italy. 

Cakdium  hians,  Broc,  Italy;  C.  punctatum,  Broc,  Italy;  C.  ciliare, 
Broc.,  Italy;  C.  oblongum?  Broc,  Italy;  C.  serratum?  Lam.,  Italy j  C. 
rusticuro,  Broc,  Italy;  Cardium,  approaching  C.  tuberculatum,  Lam.,  Italy; 
C.  rhorobnides  ?  Lam.,  Italy  and  C. ;  C.  scrobinatum.  Lam,,  C. ;  C.  distans? 
Lam.,  Ital}';  C  Imvigatum,  analogous  to  the  existing  species,  Italy;  C» 
cdule,  Broc.  (Bust.),  an  analog-iie,  widelv  spread,  from  Antibes  to  tlie  Py- 
renees, Italy  and  C. ;  C.  glaucum,  Brufiuihe,B.n  analogue;  C.  fragile,  Broc, 
Italy;  C.  striatulum,  Broc,  Italy;  C.  planatuin,  Broc,  Italy;  C.  echi- 
natum,  Broc,  Burd,  Italy. 

Tellim  stricta,  Broc,  Italy;  T.  cariuulata,  De$h.,  Paris  and  C. ;  T. 
xonaria,  Lam.,  Bordeaux;  T.  tenui-stria,  De»h.,  Italy,  Paris;  T.  pellucida, 
Broc,  Italy ;  T.  nidis,  Lam.,  Paris ;  T.  subrotunda,  Deth.,  Paris ;  T.  elegans, 
Batt,,  Bordeaux ;  T.  depressa,  Lam,,  analogous  to  the  existing  species, 
Italy  ;  T.  Kllipttca,  Broc,  Italy  ;  T.  strigosa,  Lam.,  analogoux  to  the  exist- 
ing species,  Italy;  T.  compres.sa,  Italy  and  C. ;  T.  pukhclla,  C. ;  T.  planata, 
Lata.,  C. ;  T.  stnatella,  Broc,  Italy  and  C. ;  T.  rostralina,  DetL  ;  T.  nitida^ 
Lam,,  analogoui^  to  the  existing  species. 

LuciNA  lactea,  Lam.,  analogous  to  (he  existing  species,  C. ;  L.  Scopu- 
lorum,  Bail.,  Italy  and  C. ;  L.  Saxorum,  De*h.,  Paris  ;  L.  concentrica.  Lam., 
Paris  and  C. 

CoRBis  lamellosa,  Lam.,  Paris ;  C.  Tentricosa,  Af.  de  S. 

CYaKMA,  many  species,  not  determined. 

Ctclas,  perhaps  many  species. 

-Cyi'iiina  islandicoides,  Lam.,  in  the  marine  sands,  the  calcaire  moellon, 
the  blue  marls,  and  in  the  supracretaceous  basins  of  Bordeaux,  Italy,  Paris, 
and  England. 

Cythekea  exoleta,  Lam.,  analogous  to  the  existing  species;  C.  eryci- 
noides,  Bast.,  Bordeaux ;  C.  Liiicta,  Lam.,  an  analogue,  Bordeaux,  Italy ;  C. 
Chione  (Lam.)  (Broc),  Italy;  C,  elegans,  Lam.  (DeiL),  Paris;  C.  erj'ct- 
noides.  Lam.,  Bordeaux,  Italy;  C. mactroides,  Lam.;  C.  Cypria?  (Venus 
Cypria,  Broc),  Italy ;  C.  Deshuyesiana,  Bati.,  Bordeaux  ;  C.  nitidula.  Lam., 
Paris;  C.  Aphrodite,  M.  de S,,' Italy;  C.  undata,  Ba.<sl,,  Bordeaux  ;  C.  ae- 
misulcata.  Lam.,  Paris ;  C.  incrassata  (Venus  inctossata,  Broc),  Italy  ;  C. 
globulosa??  D'sh,,  Paris. 

Venkricaruia  Jouannetii,  Bait.,  Bord.;  V.  Laurw,  Al.  Brong.,  Italy; 
V.  planicosta,  Z>affi.,  Paris;  V.  pinnula,  Butt,,  Bordeaux. 

Venus  impressa,  M.  dc  .S".  /  V.  angula,  M.deS.;  V.  senilis,  Bror.,  Italy ; 
V.  Putlastra,  Lam.,  an  analogue,  Italy  ;  V.  Dysera,  Broc,  Bord.,  Italy  and 
C ;  V.  gallina,  Lam.,  an  analogue ;  V.  nigoM,  Broc.,  Italy ;  V.  caMinoides» 
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Btut;  Bordeaux;    V.  Pectunculug,  Broc,  lialy;  V.  radiata,  Aroc.,   Italy, 
V.  circinnnta,  Broc,  Italy;   V.  Lupinus,  Broc,  Italy- 

DoNAx  nitida,  Lam,,  P&ria  ;  D.  BoBterotina,  Deih.,  Paris  ;  D.  FabageUa, 
Payrandfau,  an  analogue. 

Mya  conglobata,  Broc,  Italy. 

CoKBULA  rcvoluta,  Bast.,  Bord.,  Italy. 

Petricola,  striata,  Lam. 

LiTTRARiA  elliptica?   Lam.,  Italy;  L.  piperatra,  Lam.;    L.  lolencuj 
Lam.,  Italy. 

Mactra  triangula.  Bast.,  also  in  the  fahluns  of  Touraine ;  M.  cnuiateOa, 
Xam.,  En dond;  M.lactea,  C. 

SoLEN  Vagina,  Lam.,  Italy;  S.  siliqua?  Lam,,  Italy  and  C;  S.  strigil- 
latoa,  Itam.,  Bord.,  Italy;  S.  candidua,  Broc,  Bord.,  Italy;  S.  coarctatus, 
Broc,  Italy  ;  all  these  species  of  Solen  have  their  existing  analogue*. 

PsAMMoDtA  Labordci,  Bast.,  Bordeaux  ;  Ps.  pulchelk,  Lam.,  Italy;  Pc 
vespertina.  Lam.,  an  analogue. 

Panopxa  Faujasii,  Menard  de  la  Groge,  Bord.,  Italy  and  C. 

SANouiNOLAittA,  speciei  not  detemiined. 

Gastkoch^na  cunciformi'*,  Lam.,  analogous  to  the  existing  species,  C. 

Tehebratula  ampuUti,  M.  de  S.  (.Inuinia  ampulla,  Broc),  Italy. 

Phol^s  Dranderi,  Ba*t.,  Bordeaux. 

CIRRIPEDA.     BALANusTintinnabuldin, /.am.,  also  in  the  marine  i 
and  C. ;    B.  miser?   Lam.,  also  in  marine  sand:)  and  C. ;  B.  semiplicatil 
Lam.,  also  in  marine  sands  and  C. ;  B.  perfor«niJ»,  Lam.,  also  in  Tnstii 
sands  and  C. ;  B.  patcllaris,  Lam.,  also  in  marine  sands,  C,   and  in  Italy; 
all  the  above  Balani  are  analo^es ;    B.  pustularis,  Lam.,  marine  sandx,  C, 
Italy;  B.  crispatua,  Lam.,  marine  sands,  C,  Italy. 

ANNULATA.     Si;rpula  quadrangularis?     Lam.;    S.  arennria,   Lom^ 
Italy  ;    S.  contortnplicata,  Lam.;    S.  spirurhia?  Bruc,  analogous  to  the 
istiug  species,   Italy;    S.  spirula:a,  Zom.  ;    S,  atnmouoideB,  i^ror.,  Italy ; 
annuJataJ    Lam.;    S.  protensa,  Lam.,  analogous  to  the  existing  specieal 
the  Mediterranean,  Italy. 

Dental [UM  elephantinum.   Lam,,  apparently  analogous  to  the  ei 
species ;  D.  sexanguliun,   Broc ;   D.  tri<]uetrum,   Broc. ;  D.  entalis,  Lam., 
apparently  analogous  to  the  existing  apccies,    Italy  ;  D.  coarctalum,  /<< 
Italy;  D.  Tarentinum,  Lam.,  Italy;  D.  striatum,  Lam,,  Italy,  Paris. 

RADl  ARI.A,     Species  of  the  Echinite  family  arc  not  stated  to  occur  i 
the  blue  marls ;    but  the  following  are  found,  according  to  M.  Marcel  de 
Serres,  in  the  calcniro  moellon,  or  calcareous  marls. 

Echinus  miliaris,  Lam.,  calc.  moet. ;  £.  granuloria?  Lam.,  perhaps  ana- 
logous to  the  existing  species,  calc.  moel. 

ScuTELLA  striatula,  M.  de  S.,  calc  moel.;  S.  gibercula,  M.  de  S.,  calc. 
moel. 

Galcritss  pustulata,  M.  df  S.,  calcareous  marls. 

Clypeaster  altus,  Lam.,  calc.  moel.,  and  in  Italy ;  C.  marginatus,  Lam., 
calc.  moel.,  and  also  Bord.,  Italy ;  C.  politus  !  Lam.,  calc.  moel.,  also  Italy ; 
Clypeaster,  closely  approaching  C.  oviformis  of  Lamarck,  calc.  moel. ;  C. 
excentricus,  Lam,,  calc.  moel. ;  C.  hemispliericus.  Lam,,  calc.  moel.,  aUo 
Italy;  C.  stellifcrus,  Lorn,,  calc. moel.,  also  Italy  ;  C.  gibbosus,  M.  de  S., 
calc.  moel. ;  C.  scutellatus,  M.  de  S.,  caJc.  moel. 

Spatangus  eanaliferirs.  Lam,,  cak.  moel. ;    the  specimcne  of  this  fossil 
found  highly  preserved  in  the  calc.  mod.  of  Barcelona  appear  quite  ana 
gous  to  the  existing  species;    Sp. laevis?   Deluc,  calc.  moel.;  Sp.  arcuar 
Lam,,  analogous  to  the  existing  species,  calc.  moel. ;  Sp.  retusus  i    Le 
calc.  moel. 

CRUSTACEA.  Pooophtmalmub  Defrancii,  Z)ft«nar»/.  (This  is  the  only 
specie*  noticed  by  M.  Marcel  de  Serres  in  the  blue  marls  ;  but  he  states 
that  the  Atelecylus  rugosua,  Detmarett,  is  found  in  the  calcaire  moeUoo^ 
near  Montpel]i«r.     Remains  of  the  genus  Portuntu  are  also  mentioDed.} 
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Fauil  ShtUt  contaiiud  in  the  Sapracretaceoiu  Hocks  of  Bordeavu  and 
Dax,  and  enumerated  by  M.  De  BaaUrot  •. 

Nautilus  Aturi,  Bast.,  Dox.,  Houdan  ;  uct  considered  identical  with  the 
N.  Pumpilius  existing  in  the  Eastern  tens, 

Lknticumtes  complanata,  Defr.,  Dax,  L£ognan,  Antwerp,  Pontoise, 
Montpeliier,  (uid  Italy;  common  at  Saiicats. 

NuMMULiTES  la^vigata,  X,am.,  coinmon  in  many  supracretaceous  deposits ; 
N,  complanata,  Lam,,  Dax,  Soissons  ? 

Lycophuris  Icnticularis,  Defr.,  common  near  Bordeaux,  ClaudiopoliB  in 
Transylvania. 

Vaoinei.l.i  depros«a,  Bmc.  L&ognoii,  Saucats. 

Bulla  lignaria,  Liun.  (vnr),  analogous  to  the  existing  species,  Dax, 
L^ogiian,  Piedmont,  Etigland,  I'oris ;  B.  cylindrica,  Brvg.,  Grignon,  Pied- 
mont, Vienna,  Dax,  Bordeaux  \  B,  U triculus,  Broc,  analc^ous  to  the  ex- 
isting species,  Piacenza,  BordeauXj  Dax  j  B.  Labrella,  Fhr.,  Dax ;  B.  cla- 
thrata,  Defr.,  Dox ;  B.  truncatiila,  Brut/.,  anal&gous  to  the  existing  species, 
environs  of  Paris,  Kienna,  Kiluogo,  Dox. 

BuLLiNA  Lajoiikoireaiia,  BtuL,  abundant  at  Saucats,  L6ognan,  and  M^- 
ngnac. 

HxLtx  nemoralis,  analogous  to  the  existing  species,  fresh- water  limestone 

Saucats  ;  H.  vanabilis,  Drop.,  analogous  to  the  existing  species,  fresh- 
ater  limestunc,  Saucats. 

BtJLiMtJs .'  terebcUatus,  Lam.,  analogous  to  the  existing  species,  Grignon, 
Placentine,  Dax. 

Planokbis  comeus,  Drap.,  analogous  to  the  existing  species,  Saucats. 

LvMNtA  palustris,  Drap.,  analogous  to  the  existing  species,  in  many  su- 
pracrctaceouB  deposits,  Sancals. 

Auricula  riiigens,  Lam.,  analogous  (o  the  existing  species,  Paris,  Nice, 
Italy,  Touraine,  Bordeaux,  Dax  ;  A.  hordeola.  Lam.,  Grignon,  L^ugnan. 

ToRNATKLLA  sulcata  (Auricula  sulcata,  Zam.),  Grignon,  Dox,  Bordeaux  ; 
T.  inflata,  Fer.,  Champagne,  Dax  ;  T.  scmistriata,  Defr.,  L^ognan  -,  T.punc- 
tulato,  Ff^r.,  Lf-oguaii,  Saucats,  Dax  ;  T.  |)apyracea,  Bait.,  Dax  ;  T.  Dar- 
gelnsi.  Bast.,  L^-ognan,  Saucats. 

PvnAMiDELLA  Mitrula,  Fer.,  Wognan,  M^rignac ;  P,  terebellata  (Auri- 
cula terebcllata,  Lam.),  Grignon,  Voltcrra,  Bordeaux,  Dax. 

Turbo  Parkinsojii,  Bml.,  Dux;  T.  Fittoni,  Bast,,  Dax;  T.  Lachesis, 
BoMt.,  common  at  Bordeaux  and  Dax. 

Delphisula  marginata,  Lam.,  Grignon,  Dax  ;  D.  Scobina  (Turbo  Sco- 
bina,  .11.  Brong.),  Costelgumborto,  Dax,  and  near  Valognes  ;  D.  sulcata. 
Lam.,  Grignon,  var.  at  L6ognaii;  D.  trigonostoma,  Bast.,  Dax. 

TuRHiTLLLA  tcrebrallcs,  Lam.,  common  at  Dax,  Lf'ognaii,  and  Saucats; 
T.  Archimcdis,  Al.  Browj.  (var.  Burdigalensis,  Bast.),  Ronca,  var.  «  Bas- 
sano,  var. /3  ."Vnjoii,  var.  y  Bordeaux;  T.  asperula,  ..^/.  J9rony.,  Roiica,  Dax; 
T.  Tiirria,  Ba.it.,  analogous  to  the  existing  species,  Dax  ;  '1'.  quadriplicata, 
Bast.,  above  the  fresh-water  limestone  at  Saucats ;  T.  catnedrnlis,  At, 
Brong.,  Turin,  Lfognan,  Saucats;  T.  Proto,  Bast.,  Saucats;  T.  Desma- 
restina.  Bast.,  Dax. 

ScALARiA  communis  (var.),  analogous  to  the  existing  species,  Placentine, 
Volterra,  Bramcvton,  Dax ;  S.  acuta,  S'tne.,  Barton,  Dax ;  S.  multilaradla, 
Bast.,  Pames,  L^'ngnan. 

Cyglostoma  Lemani,  Bast.,  fresh-water  limestone,  Saucats,  Dax,  and 
Tongres,  near  Maestricht. 

Paludina  pusilla  (Bulimus  pusiitus,  AL  Brong.),  analogous  to  the  existing 
ipecies,  Paris,  Bordeaujc. 

Monodonta  elcgaiiij,  Fattjas  de  St.  F.,  L^ognan,  rare  at  Bordeaux ;  M. 


*  Description  G^nlogiqae  du  Ba&sin  Tertiaiii  du  Sud-Oue«t  da  la  France:  Mim. 
dc  la  Soc  d'HisL  Nal.  de  Paris,  t.  iL 
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Modulus,  Lam.,  analogous  to  the  existing  species,  Dux;  M.  Araoiiis^  Ba^., 
analogous  to  the  existing  species  ?  M^rignac,  Touniine,  Dax. 

Tkociius  Bcaetti,  Sow.,  Stubbington,  Turin,  L6ognan,  Saucata;  T.  patu- 
lua,  Broc,  PlocvntJne,  Bolo^iu,  Vienna,  Bordeaux,  Dax ;  T.  Bo$cianu«,  Jl. 
Brong.,  Castelgomberto.  Dax;  T.  Labarutn,  Bnti,,  Dax;  T.  ttirgidulus .' 
Broc,,  Italy,  M^rignac ;  T.  Bucklandi,  Batt.,  above  the  fretb-water  lime- 
stone, Saucats;  T.  Audebardi,  Boat.,  L6ognan. 

RoTELLA  Defrancii,  Bast.,  L^ognan. 

Solarium,  carocollatuin,  Lam.,  L^ognan,  Dax. 

Amfullaria  compressa.  Bait.,  Dax;  A.  crassatiiia.  Lam,,  Pontchartnia, 
var.  at  Dax. 

Melania  costcllata,  Zam.,  Grignon,  Ronca,  Sangonini,  Dax;  M.  sulm- 
lata,  Volterra,  Leognan,  Dax ;  M.  hordeacea,  Lam.,  Houdan,  Pierrelaye, 
Benuchamp,  Isle  of  Wight,  var.  at  Saucats  ;  M.  clathrata,  Bast.,  Dax ;  M. 
nitida.  Lam.,  Grignon,  Placentine,  Fames,  Dax  j  M.  dintorta  (Turbo  po- 
lituR,  Motttngu),  analogouji  to  the  existing  species,  Thorigne,  Bordeaux. 

Melanopsis  Dufourii,  Per.,  Dax. 

RissoA  Cochlcarella  (Alelania  Cochlearello,  Lam.),  Grignon,  M^rignae, 
var.  at  Dax ;  R.  Ciniex  (Turbo  Cimex,  Broc),  analogous  to  the  exi»ting 
species,  Bologna,  Isle  of  Lschia,  Merignac,  var.  at  Dax  ;  R-  varictwa,  Bast., 
M^rignac  ;  H.  ?  Grateloupi,  Bast.,  Merignac. 

Pha-sianella  turbinoides,  fMtn.,  Grignon,  Merignac,  Dax;  P.  PreTOCtuUj 
Bast.,  Leognan,  Saucats. 

Natica  Canrcna,  Broc,  analogous  to  the  existing  species^  Italy,  England, 
Jj^ognan,  Saucats,  Dax ;  N.  glaueina,  Broc,  analogous  to  the  existing  spe- 
cies, Italy,  Leognan,  Dax. 

NraiTA  Plutonis,  Bast.,  Merignac. 

NcKiTiNA  fluviatiJis,  Lam,,  analogous  to  the  existing  species,  TrucMny, 
Merignac,  Dax  (ofien  preserves  its  colours). 

Cow  us  deperditus,  Lam.  (analogous  to  the  existing  species  at  Owhyh«), 
Grignon,  Ronca,  Turin,  Bordeaux,  Dax ;  C.  alsiosius,  -  //.  Brong.,  Runca. 
Dax,  Bordeaux  ;  C.  Merc^ti,  Vienna,  San  Miniato,  Saucats, 

CYrii,EA  Coccinello,  Lam.,  Grignon,  Suffolk,  Angers,  Nantes,  Dax;  Cy. 
annulus,  Broc,  analogous  to  the  existing  species,  Piedmont,  Ronca,  Bor- 
deaux ;  Cy.  annuloria,  Al.  Brong.,  Turin,  Bordeaux  ;  Cy.  Icporina,  Lam., 
Dax;  Cy.  lyncoides,  .11.  Brong.,  Turin,  Bordeaux;  Cy.  Duclosiana,  BasL, 
Dax. 

Oliva  plicaria,  Lam,,  M6rignac,  Leognan,  Dax,  Saucats;  O.  Clavala, 
Lam.,  Merignac,  Dax  ;  O.  Dufresnii,  Bast.,  Merignac.  Dax,  Saucats. 

Ancillahia  cunalifera.  Lam.  (A.  turrellata,  Soil'.},  Grignon,  Barton.  Dax, 
Bordeaux;  A.  inilata  (Anotax inflato,  .''//.  Brong.),'VvLT'm,  Vienna,  Lfogoau, 
Merignac  Dax,  Saucats. 

VoLi'TA  Lamberti,  .Sow.,  analogous  to  the  existing  .species,  Suffolk,  Anjou, 
Leognan;  V.  rariapina,  An/n.,  Dax,  Bordeaux;  V.  affini»,  Broc,  Rones. 
Tunn,  LC'Ognan. 

Marginella  cypiTcoln,  Placentine,  Touraine,  Dax. 

MiTRA  Duiresnii,  Bast.,  rare  at  Leognan  ;  M.  scrobiculnta,  Plaoestior, 
Piedmont,  Sienna,  var.  at  Bordeaux ;  M.  incognita.  Bast.,  M6rigaac,  Dax. 

Cakckllaria  acutangiila  (C.  acutangularia.  Lam.),   Leognan,  Smi 
C.  trochlearis.  Lam.,  Leognan,  Saucats;  C.  doliolaris,  ^a«/.,  rart-,  Lt-i'L:i    ■ 
C.  Geslinii,  Bast.,  Leognan,  Saucats ;  C.  buccinula.   Lam.,  Vienna,  Cfrpy 
in  Valois,  Bordeaux;  C. contorta.  Bast.,  Italy,  Saucats;  C  cancellmta,  Lam., 
unal.  exist,  species;  Piedmont,  Placentine,  Sienna,  Bordeaux. 

BucciNtJn  Veneris,  Fawjas  de  St.  F.,  Leognan,  Saucats  ;  B.  baccatum. 
Hast.,  Saucats,  Leognan,  Merignac,  var.  a.  Dax.  var.  ^  Saucats,  »«r.  y  Vi- 
enna; B.  polituni.  Bast;  Piodnmnt,  Sauculs, 

£bi'R\a  spirata  (Buccinum  spirata,  Brug,),  mud.  exist  species,  Rgtiflfa. 
Dax,  Saucats. 
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NxtsA  reticulata  (Buccinum  reticulatum,  Broc),  anal,  exist  specicg.iSan 
Miniato,  Costel-Arquato,  Sienna,  var.  «  Dax,  var.  /3  Saucats  and  L^ognan ; 
N.  Bspenila,  Broc,  Placentine,  Sienna,  var.  at  Dax,  var.  /3  L^ognan  and 
Saucata;  N.  ungulata,  Volterra,  Saucats ;  N.coluinbelloides,  Bast.,  Vienna, 
Angers,  Tuuraine,  Dax,  L^ognan,  Saucats  (approaches  a  living  apecies) ; 
•*! .  Detnoyersi,  Batl.,  Dax,  Saucats j  N.  cancellaroidcs,  Batt.,  Dax;  N.An- 

ri.  Bast.,  Bordeaux. 

PcKruRA  co5tata  (Nerita  costata,  .Broc),  Placentine,  Dax,  Bordeaux; 
K  Lassaignei,  Batt.,  L^ognan. 

Cassis  Saburon  (Cassidea  Saburon,  Brug.),  analogoui  to  the  existing  spe- 
^  fes.  Calttbria,  Placentine,  Vienna,  L^ognon,  Saucats,  Dax;  C.  Ronaeleti, 
'Bast.,  L^ognan,  Dax. 

Cassidaria  Cythara,  Italy,  Bordeaux. 

Terebka  plicaria,  annloguuD  to  the  existing  tpecies,  Saucats;  T.plicatula, 
Lam.,  Grignoti,  Saucats,  L^ogiian,  Dax;  T.  cinerea  (T.  aciculina,  Lam.), 
aiuUc^us  to  the  exi»ting  Kpecies,  Piedmont,  Lfognan,  Saucats ;  T.  Btriat«» 
anmlogous  to  the  existing  species,  Saucats ;  T.  duplicato.  Lam.,  analogous 
to  the  existing  species  ?  Sienna,  Piedmont,  Rome ;  T.  pcrtusa  (var.),  ana- 
logous to  the  existing  species,  Saucats ;  T.  murina,  Dax. 

CtRiTHiuM  margaritaccuin,  Al.  ZJroniy.,  Sienna,  Mayence;  C.  corrugatum, 
ALBrong.,  Ronca,  Saucats;  C.  inconstans,  Ba*t.,  Saucats;  C.  arapullosum, 
Al.  Brong.,  Castelgomberto,  Vienna,  Merignac,  Dax  ;  C.  plicatum,  Lam., 
Montpellier,  Pontcnartrain,  Mayence,  Castelgoraberto,  Saucats  ;  C.  cinctum, 
Lamb.,  Montpellier.  Puntcbartrain,  Beynes,  Houdan,  Saucats;  C.  Cfaarpen- 
tieri,  ^Oit.,  Da,\;  C.  papoveraceum,  Batt.,  Tourainc,  M^rignan;  C.  lem- 
niscatum,  Al.  Brong.,  Runca,  Dax ;  C.  Salmo,  Batt.,  L^ognau,  M^rignac ; 
C.  pictum.  Bast.,  Vienna,  Merignac,  Saucats;  C.  lameliostim.  Lam.,  Cour- 
tagnon,  Grignon,  var.  Dax;  C.  angulosum,  Grignon,  Saucats;  C.  Diaboli, 
Al.  Brong.,  the  Diablorets,  Switzerland,  Dax ;  C.  rescctum,  Defr.,  Uaute- 
ville,  Dax,  Merignac;  C.  calculosum,  Bast.,  Dax,  L6ognan;  C.  pupaJ°omie, 
Bast.,  rare,  Merignac;  C.  granulosum  (Murex  granulosus,  Broc),  analo- 
gous to  the  existing  species,  V' oltcrra,  Merignac ;  C.  scaber,  analogous  to 
the  existing  species,  Italy,  Merignac,  L^oguau. 

^iiRcx  Pomum,  Linn.,  analogous  to  the  existing  species,  Placentine, 
Saucats,  M^'rignac;  M.  sublavatus,  Bast.,r&x<i,  Merignac,  L^ognan,  Saucats; 
M.  Lingua- Bovii,  Bait.,  Saucats,  L^ognan;  M.  suberinaceus,  Bast,,  Bor- 
deaux. 

Typhis  tubifcr  (Murex  tubifer,  Lam.),  analogous  to  the  existing  spedet, 
Grignon,  Barton,  Highgate,  L6ognan. 

Triton  doliare( Murex  doliaria,  Broc),  Placentine,  Pisa,  Sienna,  L^ognan. 

Rajiclla  margiimta,  AL  Brong.,  Piedmont,  Pisa,  Placentine,  Vollerra, 
Turin,  Leognan,  Merignac ;  R.  leucostoma,  Lam.,  analogous  to  the  existing 
species,  Placentine,  Bordeaux. 

First' B  lavatus,  Svw.,  Barton,  Paris,  L^gnan,  Saucats,  Dax  ;  F.  bucci- 
noides,  Bast.  (Buccinum  subulatum,  Broc),  Placentine,  Saucats,  Merig- 
nac (a  Mediterranean  shell  eppruaches  this  species);  F.  rugosus,  Lam., 
Grignon,  Valognes,  Dax  (difTfreiit  from  the  Fusus  rugosus  of  Sowerby) ; 
F.  clavatus,  Placentine,  var.  Bordeaux. 

Pleuxotoma  tubcrciilosa.  Bait.,  Vienna,  Saucats,  L^ognan ;  P.  Pannus, 
Batt.,  Leognnn,  Saucats,  Dax ;  P.  deuticulata.  Bait.,  Touraine,  Saucats, 
L^gnan,  Merignac,  Dax ;  P.  ramosa,  Batt.,  Thorign^,  Angers,  L^ognan, 
Saucats;  P.  Borjoni,  Bast.,  Saucats,  L^ognan,  Merignac;  P. plicata.  Lam., 
Grignon,  Dax ;  P.  undato.  Lam.,  Grignon,  Epemay,  Dax ;  P.  multinoda. 
Lam.,  Bordeaux ;  P.  Turrella,  Lam-,  Grignon,  var.  Dax  ;  P.  creiiulata, 
ham.,  Grignon,  var.  L^ognan ;  P.  cataphracta,  Placentine,  Sienna,  Bologna, 
Bordeaux ;  P.  purpurea.  Bast.,  analogous  to  the  existing  species,  L^ognan  ; 
P.  terebra.  Bast.,  Lengnnn,  Saucats,  Dax ;  P.  costellata,  Lam.,  GngnoD, 
L^ognan,  Dax;  P.  cheilotoma,  Bail.,  Bordeaux. 
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Fascioiakia  Burdigalensis,  Drfr.,  Leognan,  Snucats.  Mf-rignac;  F.  uni- 
plicata  (FuBUs  imiplicatus,  Lam.),  Grigiioti,  Epemay,  Uax. 

Pyrula  condita,   /1l.  Jironi/.,  Turin,  Leognan,  Saucats;  P.  Clivs,  Ba^-, 
Dax,  Bordeaux ;    P.  Lainei,  Beut.,  Saucals,  Leognan,  Merignac,  Daxj  P. 
Melongenu,  analogous  to  the  existing  species,  Courtagnon,  Saucats, 
M^riguac ;  P.  rustkuln,  Btut.,  Dax,  Bordeaux. 

TuRBiNELLA  Lynchi,  Bast.,  rare,  Lf'o^nan. 

Strohbu!)  docussatus,  Dax ;  S.  Uonelli,  ^/.  Brony.,  Tiurin,  Dax- 

RoiTEtLAHiA  Pcs-Pelicani,  analogous  to  the  exisling  species,  common  in 
many  Buprncretaceous  deposits,  Lf-ognan,  Dax ;  R.  curviroslris.  Lam.,  ana- 
logous to  the  existing  species,  Dax. 

SioARETus  CAtialiculatua,  Sow.  Ilordwcll,  Paris,  Bordeaux,  Dax. 

C.iruLus  (Pileopsia)  Bulcosus  (Nerita  sulcoaa,  Broc.),  Placcntinc,  Vibng- 
nac. 

CaEPtDULA  unguiformis  (C,  ItolicB,  Defr.),  analogous  to  the  existitig ip«- 
cie»,  Placentinf,  Sienna,  Vienna,  Saucats  ;  C.  cochlearia,  Bast,,  ■nalognii 
to  the  existing  fipecies,  Merignac. 

FissuRtLLA  costaria,  Desk,,  Grignon?  Dax. 

Calyptba:a  deformis.  Lam.,  Dax,  Bordeaux ;  C  dcprcssa.  Lam.,  abun- 
dant at  Bordeaux  ;  C.  muricata  (Patella  muricata,  Broc),  analogous  to  dw 
existing  species,  Piedmont,  Flacontine,  Caatel-Arqoato,  Liognan,  Sancati; 
C.  omata,  BatL,  Dax. 

HiPPONYx  granulatiis,  Bait.,  Dax. 

OsTttr.A  flubellula,  Lam.,  Grignon,  Ilordwell,  Barton,  Bruwela,  Sannli, 
L6ognan  ;  O.  undata.  Lam.,  Dax,  Bordeaux;  0.  C}'mbu]a,  X>ain.,  Grignon, 
Barton,  Saucats. 

Pecten  scabrcllua,  Lam,  (Ostrea  dubia,  Brae),  Val  Andone,  Piedmi 
Saucats ;  P.  Burdigalensis,  Lam.,  Saucats,  approaches  P.  Pleuronecte*, 
oblitcratus,  and  P.  Laurent! ;  P.  multiradiatus,  Lam,,  Italy,  Saucats. 

Spondvlus,  fraginenta. 

Perka  Ephipptum,  Lam.,  analogous  to  the  existing  species,  Bordeatn. 

Avtci'LA  phalreuacea,  Lam.,  Leognan. 

PiN.VA,  fragments. 

Arca  biangula.  Lam.,  Grignon,  L£ognan ;   A.  scapulina.  Lam.,  G 
Md'rignac;    A.  clathrata,  Defr.,  analogous  to  the  existing  species, 
Thorign6,  Nice,  Md-rignac ;  A.  Diluvii,  Lam,  (A.  Pectinatn,  Broe.),  '. 
dan,  Touraine,  Placcntine,  Sienna,  Turin,  Vienna,  Bordeaux ;  A.  Brdi 
BatL,  Dax. 

PecTUNcuLf  s  Cor,  Lam.,  Saucats,  Merignac,  Ltognan ;  P.  pulTinalat, 
Lam.,  Paris,  Touraine,  var.  «  Dax  and  Bordeaux,  var.  fi  L6ognan;  M.  de 
Bostcrot  considers  this  «hctl  the  same  with  that  found  at  Walton. 

Nu(;LrLA  emarginata.  Lam.,  Leognan,  Saucats;  N.  margaritacea.  Lam. 
(.\rca  Nucleus,  Jiruc),  analogous  to  the  existing  species,  Grignon,  Placen- 
tine,  Barton,  Highgate,  Ltognan,  Dax. 

MvTiLUB  antiquonun,  ,Sow.,  Suliblk,  var.  Saucats,  Merignac ;  M.  Brarfi, 
jIL  Brong.,  Mayence,  Dax,  Merignac ;  M.  edi^lis,  Linn.,  analogous  to  t^^H 
existing  species,  Piedmont,  Placcntinc,  Sieima,  Volterra,  Saucats.  ^^| 

MoDioLA  cordata,  Lam.,  Paris,  Domfront,  Saucats.  ^" 

Carpita  hippopnn,  BatL,  Saucats. 

Venericardia  Pirinulft,  Batt.,  beds  above  the  fresh-water  limestone, 
Saucats,  Dax  ;  V.  Jouanueti,  Bait.,  Italy,  Vienna,  13ordcaux  ;  V.  inter- 
media (Cardita  iiitennedia,  Lam.),  Placenline,  Sienna,  Dox. 

KftvciSA  elliptiea,  Lam.,  Ecouen,  Senlis,  Saucats. 

Chama  gryphoides,  Broc,  analogous  to  the  existing  species,  Piedmont, 
Flacentine,  Sienna,  Dax,  Lfognan,  Saucats,  Merignac. 

Cardium  cdule,  Linn.,  analogous  to  the  existing  species,  Placentine, 
Piedmont,  Sienna,  Bramerton,  Ipswich,  Dax;  C.  Burgalinum,  £0111^ 
Dax,  Bordeaux;  C.  serrigenmij  Lam.,  Grignon,  Bordeaux;  C.  echinatum, 
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analogous  to  ihn  existing  species,  Flacentine,  Touraiiic,  Bordeaux, 
ienna ;  C  Pallassianutn,  Batl.,  Dax ;  C,  inulticostatuin,  Brae,  I'la- 
e,  van  L6ognan ;  C.  diacrepans,  Biut.,  bed  above  the  fresh-water 
OUR,  Saucats,  Dax. 

lAX  fttiBtinum,  Lam.,  analogoni  to  the  ensting  species;  var.  Dax, 
aux;  D.  clongata.  Lam.,  analogous  to  the  existing  species,  Mdrignac; 
mgularis,  Ba»t.,  approaches  an  existing  species,  Saucata ;  D.  irregularis, 

Dax;  D.?  diffieilis,  lta»t.,  Dax. 

lENA  Brongiiiiirtii,  Bcut.,  Konca,  M6rignac,  Saucats;  C.  Sowcrbii, 
.  Paris,  S&ucats. 

;lina  zonaria,  Lam.,  Dax,  Saucata,  L^ognan,  M^rignac  (preserves  iu 
•s);  T.  elepans.  Desk.,  Hduteville,  (irignon,  above  t]ie  fresh-water 
Saucats;  T.  bipartitn,  Biui.,  Saucata;  T.  bianguluris,  Desk.,  Paris, 
)«x. 

cinA  Columbclla,  Lam.,  Touraine,  Uognan,  Saucats,  Dax,  M6rignac ; 
laricat^i.  Lam.,  annlogoiia  to  the  existing  species,  Grigiion,  Leognan, 
►nac,  coininon  at  Elordwdl  and  Saucats;  L.  acopiilonim,  Jl.  Brong., 
I,  Turin,  M^rignac,  Saucata;  L.  dciitala,  Bn»l.,  Dux,  Saucats ;  L.  di- 
t,  Lam.,  analogous  to  the  existing  species,  rare,  Saucats;  L.  hiateUoides, 
,  rare,  L6ognan  ;  I..  gihbo«ula,  Lam.,  analogous  to  the  existing  species; 
wn,  Dax  ;  L.  rcnulata,  Lam.,  analogous  to  the  existing  species,  firig- 
Bordeaux ;   L.  negiecta,  BtuL,  Dax,  BordcHUX. 

Mvs  Dyscra,  Linn.,  analogous  to  the  existinjj  specTes,  Piedmont,  Pla- 
ne, Dax,  Saucats;  V.  casinoides,  Lam.,  Vienna,  Leognan,  Saucats;  V. 
a,  Boat.,  Saucats,  Leognan ;  V.  radiata,  Broc,  analogous  to  the  existing 
es,  Italy,  Saucats,  L§ognan,  Dax. 

THEREA  crycinotdes,  Lam.,  analogous  to  the  existing  species,  Paris, 
I,  RoDie,  Saucats,  Leognan,  Dax ;  C.  Dcshaycsiana,  Bast.,  Saucats, 
nnii ;  C.  ttricta,  Lam.,  perfect  resemblance  to  existing  species,  Saucats, 
onina,  Batl. ,  L^ogiuin,  Saucats;  C.  undata,  Batt.,  Saucats,  abimdant 
^rignoc  ;  C.  nitidula.  Lam,  (Venus  transversa,  Sow.),  Grignon,  Barton, 
ats. 

paiNA  Islandicoidcs,  Lam.  (Venus  ccqualis,  Sow.),  Sufiblk,  Placentine, 
lerp,  Dax,  Durdc.-iux. 
SMEKUPis  Faujasii,  Beut.,  Bordeaux. 
iTRicoLA  pert'grina,  BtuL,  in  large  madrepores,  M^rignac. 
xicAVA  anacino,  Btut.,  in  the  holes  which  it  has  bored  in  (he  fresh-water 
itonc,  when  the  latter  was  covered  by  the  waters  of  an  ancient  sea, 
ata. 

.oTHo?  unguiformia,  Bnnf.,  in  holes  which  it  has  pierced  in  the  marine 
fresh-water  limestones,  Saucats. 

>HDui.A  rcvoluta,  Sow.,  Barton,  Italy,  Pax,  Lfognan,  Mfrigiiac,  Saucats; 
riata.  Lam.,  C>rignou,  var.  Angers,  var.  Bordeaux. 
ACTKA  atriati-lla,  Lam.,  analogous  to  the  (existing  species?  Snucats ;   M. 
lides,  Lam.,  Grignon,  Saucata ;  M.  triangula,  Broc,  analogous  to  the 
ing  species,  Pluccntine,  Saitcata. 

VTRAHiA  Saniia,  Bait.,  Saucats.     Mya  oniata,  Biut.,  Dax. 
iHOP.BA  Faujasii,  Meinard  de  la  Groye,  Parma,  Sienna,  Pisa,  San  Mi- 
)  (Reggio),  Placentine,  Piedmont,  Llognan. 

lAMMOoiA  Labordci,  Bast.,  approaches  Ps.  vespertina,  Leach,  a  living 
ies,  Saucats. 

)i.c!f  strigillatus,  Litin.,  annlognus  to  the  existing  species,  Placentine, 
Iniont,  Vienna,  Grignon,  Li'ognan,  Dax ;  S.  Vagina,  lAnn.,  analogous 
ic  existing  species,  Placentine,  Grignon,  Saucata;  S.  Legumcn,  Linn., 
^ts. 

noLAs  Branderi,  Bast.,  in  the  rolled  stones  and  corals,  Touraine  and 
ignac. 
i,4VAC£i,ba  coronata,  Deih.,  Meaux,  Pauliac,  nincleagues  from  Bordeaux. 
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C.  Ooiau  Fouilt. 

Tbe  following  is  a  list,  according  to  Prof.  Sedgwick  and  Mr.  Murchtson, 

of  the  organic  remains  detected  by  them  either  in  the  Gosau  depo«it, 

or  its  equivalents  in  the  Alps.    (C.,  Gusau;  Z.,  Zlani;  W'.,  Flank*  of 

the  Wand;  M.,  Marzotl;  R.,  HinterReutter;  T.,  Bavarian  Traunttein.) 

Zoophyia. — Traeos.  Nullipora.  Madrepora.  Cellepora,  G.   Lithodendros 

granulosum,  Goldj.,  G.    (also  Castell'  Arnuoto,  Supracretactotu).    Fuogia 

radiata,  Go/*//'.,  G.    Fung,  discoidca,  G.    t  ung.  polymorpha,  Go/<y!,  G.,  Z. 

(alsoBassano  and  Dauphin^,  Supracretaceou-t).    Fung,  undulata,  (ioidl/.,  G. 

Diploctenium  cordatum,  (JoUif.,  G.  (also  Maestricht.)     Turbiiiolia  compla- 

nata,  Gold/.,  G.     Turb.  duodecimcostata,  G.  (also  Castell'  Arquato,  Svpr»- 

crelaceout).  Turb.  lincata,  Gulilf.,G.  I'urb.  cuncato,  Co/^Z/!,  G.  (alsoCastell' 

Arqunto,  Supracretaceous).     Turb.  uspera,  Souk,  G.     Cyathophyllum  rude, 

Sow.,  G.  Cy.  conipositum,  Sow.,  G.  Meandrina  agaricites,  Goldf.,  G.  Astm 

Btrlata,   Goldf.,  G.     Ast.  fomiosa,   Gold/.,  G.     Ast,  reticulata.   Gold/.,  G. 

Ast  agaricltes,  Goldf,,  G.     Ast.  grandis,  Souk,  G.     Ast.  media,  Saw.,  G. 

Ast.  formosi&sima.  Sow.,  G.   Ast.  an^bigua,  Sou>.,  G.     Ast.  tenera,  Sow.,  G. 

Ast.  ramosa,  Sow.,  G. 

Anntilata. — Serpula. 

Conchifera. — Teredo,  G.  Solen,  G.  Panoprea  plicata?  S<mi.,  G.  (alto 
Sandgate,  Lower  Green  Saud).  Anatina,  G.  CrassutcUa  impreaaa,  Sou.,  G. 
Corbula  angUBtata,  So%d.,  G.  Sanguinoloria  Hollowaysii  ?  t  Sow.,  G.  (also 
Bracktesbam  Bay,  London  Clay).  Lucina,  G.  Astarte  macrodonta.  Sow.,  G. 
Cyclaa  cuneiformis?  Saw.,  G.,  W,  (also  Woolwich,  PUutic  Clay).  Cjthervs 
IsBvignta,  Lam.,  G.  (also  Grignon,  Calcaire  Grottier).  Venus,  G.  Venc 
ricardia,  G,  Cavdium  productutn,  Sow.,  G.,  M.  iHocardia,  G.  CuculUes 
carinala,  Sow.,  G.  (Blackdown.  Green  Sand).  Area,  G.  Pectuocnlsi 
Plumsteadiensis,  Sow.,  G.  (also  Plntostcad,  near  Woolwich,  Pluttic  CJof). 
Pcct.  brevirostris,  Sow,,  G.  (also  Bognor,  London  Clay).  Pect.  pulvinaUu, 
Lam.,  G.  (also  Grignon,  Bracklesham,  Calcaire  Grottier,  and  London  Clay). 
Pect.  calvuH,  Sow.,  G.,  M.,  W.  Niicula  amygdaloidea.  Sow.,  G.  (also  South- 
end, London  Clay).  Nuc.  cuncinua^  Sow,,  G.,  R.  Trigouia  alsefomiis,  Soie., 
G.  (also  Parham  Park  and  Black  Down,  Green  Sand).  Modiola,  G.  Inc- 
ceramus  Cripsii,  Mant.,  G.,  W.  (also  Hamsey,  Chalk  Marl).  Axicula,  G. 
Pectcn  quinnuecostatus,  Sou>.,  G.  {common  cretaceous fotsiC).  Plicutula aspen, 
Sow.,  G.,  W.  Gryphzta  elongata.  Sow.,  G.  Gryplia>a  expansa,  Saw,,  G. 
Exogyra,  G.  Ostrca,  G.  Tcrebratiila  dimidiaiaf  >Vorr.,  G.  (alao  Haldoo 
Hill,  Green  Sand).     Axinus?  G.,  W.     Trigonellites,  G.,  W. 

McUutca, — Dentaliiim  grande?  Dnh.,  G.,  M.  (also  Calcaire  Grottier], 
Calyptnea?  G.  Auricula  dccurtatn,  Sow.,  G.  Aur.  simulata,  iSow?.,  G.,  M. 
(also  Barton  Cliff,  London  Clay).  Mtlunia,  G.  Mflanopsis,  G.  Nadca 
Anrbnlacrum,  Sow.,  Q.  {nlm  Barton  Clifli  London  Clay).  Nat,  lyrata,  Sov., 
G.  Nat.  angulata,  Sow.,  G.  Nat.  bulblfonnis,  Soto.,  G.,  Z.  Nerita,  G- 
Solarium  quadrntum,  Sow.,  G.  Trochus  spinigcr.  Sow.  Turbo  arenosuss 
Souk,  G.  Turritella  angusta,  Deth.,  G.  Tur.  bifomiis,  Deih.  G.,  T.  Tor. 
rigida,  Desk.,  G.  Tur.  Iwviuscula,  Deth.,  G.  Tornatella  gigantca,  Deth., 
G.,  Z.,  Meyersdorf,  S:c.  Torn.  Lamarckii,  Deth.,  Gams-Gcbirgo.  Nerinea 
flexuusa,  Deth.,  G.  Cerithium  reticoaum,  Deth.,  G.  Cer.  conoideum,  Detk., 
G.,  Z.,  T.  Cer.  pustulosiim,  Deth.,  G.  Pleurotoma  prisca.  Sow.,  G.,  M. 
(also  Barton  Clifi;  Londun  Clay).  Pleiir.  fusiforme,  Sow.,  G.  Pleur.  *pt- 
noBum,  Sow.,  G.  Fa.sciolaria  cloiigata.  Sow.,  G.  Fusus  intortus.  Lam.,  G, 
(also  Grignon  and  Ronca,  Suprarretaceoiu).  Fus.  heptogonus,  Sow.,  G. 
Pus.  cariiidla,  Soiv.,  G.  Fns.  muricatua,  Sow.,  G.  Fus.  abbreviatua,  Sam,, 
G.  Fu$.  cin^latus,  Sow.,  G,  Rostellaria  plicata,  Sow.,  G.  Roat.  coalata. 
Sow,,  G.  Root,  granulata,  Sow.,  G.,  M.  Rost.  Iievigata,  Sow.,  G.  Naoa 
rarinata,  Sow.,  G.  Nas.  af]ini<i,  ,Sow.,  G.  Milra  pyramidella  ?  ftroc-^  G. 
(Supracrelaccotis).     Mit.  canccUata,  •Son'.,  G.     Voluta  coronaU .'  ftror.,G- 
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(alao  Supracrrtaceotu).  Vol.  citharella?  Al.  Brong.,  G.  (alto  Turin,  Sttpra- 
eretaceous).  Vol.  acuta,  Sow.,  G.  Terebra  coronata,  Soto,,  G.  Volvaria 
Ittvis,  Sou,:,  G.     Baculitei  or  Hamitet,  G. 

Organic  Remains  of  the  Cretaceous  Group. 


Confervr. 

1.  Confervites  fancicuiata,  .Id.  Bronrf,     Amager,  Boniholin,  Ad.  Brong. 
Chalk,  Sussex,  Mnnt. 

2,  .  tegagropiloides,  Ad.  Brong.     Amager,  Bomholm,  Ad.  Brong. 

,  epecies  not  determiued.     Chalk,  Susoex,  Mant, 

Alga. 

1.  Fucoides  Orbignianus,  Ad.  Brong.     Isle  d'ALx,  Rochelle,  .-id.  Brong. 

2.  strictiis.  Ad.  Br<m<).     Isle  d'Aix,  Rochelle,  Ad.  Brong. 

3.  tuberculosus,  Ad.  Brong.     Isle  d'Aix,  Rochelle,  Ad.  Brong. 

4.  — • — ~  difformis,  .id,  Brong.     Bidache,  Bayonne,  Ad,  Brong. 

5.  mtricatus,  .4d.  Brong.     Bidatlie,  Ad.  Brong. 

6.  LirTigbianus,  .4d.  Brong.     Arnaper,  Bnrnholm,  Ad.  Brong. 

7.  '  Brongniarti,  Mant.     Clialk,  Sussex,  Mant. 

8.  Tiirgioni,  Ad,  Brong.     Chalk,  Sussex,  Mant, 

9.  cniialiculatus.  Ad.  Brong.,  Env.  of  Bayonne  ;  Bidache ;  Green 

Sand,  Itochefort,  Dufr. 

,  species  not  detenninea.     Chalk,  Gault,  Sussex,  Mant. 

Naiades. 

I.  Zosterites  cauliuia-folio,  Ad,  Brong.     lale  d'Aix,  Ad,  Brong, 

5.  lineata,  Ad,  Brong.     Isle  d'Aix,  Ad,  Brong, 

3.  Bellovisaaa,  Ad,  Brong.     Isle  d'Aix,  Ad,  Brong, 

A.  elongata.  Ad,  Brong,     Isle  d'Aix,  Ad,  Brong. 

kCgcade<p. 
1.  Cycfldites  Nilssonii,  Ad.  Brong,,  Chalk,  Scania. 

1.  Inuites  aliena,  Sttrnb.    SraeUchna  (Rakoiiilzer  Kreis),  G.  T, 
Dicotyledonous  wood,  perforated  by  some  boring  shell ;  Chalk,  SuMe)^ 

iMant, ;  Green  Sand,  Lyme  Regis,  De  la  B. 
Conet  of  Conifersp^  Green  Sand,  Lyme  Regis,  De  la  B,     Greea  Sand^ 
Kopinge,  Scania,  Niln. 
Ferns?  Green  Sand,  Lyme  Regia,  De  la  B. 
• leaves,  between  Platanus  and  Lyriodendron,  Slernb.    Grecii  Sand, 
Tetschen;  Blankcnburg ;  Weruigerode;  QuedWnburg,  O,  T, 
ZooruYTA. 
1.  Achilleucn  glomeratum,  Goldf.     Maestricht,  Goldf. 

2.  — (ungifonne,  Gold/.     Maestricht,  Goldf. 

3.  Morchella,  Goldf.  Cretaceous  Rocks,  Essen,  Weetphalia,  Sack, 

1.  Manon  capitatuiii,  Goldf.     Mutstriclit,  Goldf. 

2.  —^  tubuliferum,  Goldf.     Maestricht,  Goldf. 

3.  • pulvinariuin,  Goldf.     Mai'-stricht ;  Essen,  Westphalia,  GoUf. 

4.  Pcziza,  Goldf.     Maestricht;  Cretaceouf  Rocks,   Essen,  Wcst- 

tphalia,  Goldf. 
S. stcllatum,  GoUf.    Cretaceous  Rocks,  F^ssen,  Goldf, 

6.  pyriforme,  Goldf,    Chalk,  Coesfild,  Goldf. 

7.  verticillilcs,  .     Maestricht,  G.  T, 

1.  Scyphia  mammiHarii^.  ^'o/t//*.     Ksacn,  Westphalia,  Goldf. 
furcata,  Goldf.     Cretaceous  Rocks,  Esscu,  Goldf. 
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3.  Scyphia  infundibuliformis,  Goldf.     Essen,  Goldf. 

4. foraiuiiiosa,  Goldf.     Cretaceous  llocks,  Essen,  Goldf. 

5. Sackii,  Goldf.     Essen,  Westphalia,  Sack. 

6.  •^— ^  tetragona,  Goldf.     Essen,  Goldf. 

7.  ■ fuiigifomiis,  Goldf.     Green  Sand,  Cocufeld,  Westphalia,  GUif. 

8.  Mantellii,  Goldf     Coesfcld,  Goldf. 

9.  Dechenii,  Goldf.     Coesfeld,  Goldf 

10,  Oe^Tihousii,  Goldf.     Grt-cn  Sand,  Damp,  Westphalia,  Goldf. 

11.  ^—  Murchiaonii,  Goldf.     Uanip,  Goldf, 

J  2.  vcrticillitcs,  Goldf.     Macstricht ;  Chalk,  Nehou,  Goldf. 

1.  Spongia  raniosa,   Mant.     Chalk,   Suvicx,  Mont.;    Chalk?    York 

Phil. ;  Noinnoutier,  AL  Brong. 

2.  — ~ lobalo,  FUm,     Chalk,  Sussex,  Mant. 

3.  plana,  Phil.     Chalk.  Yorkslure,  Phil. 

4.  — capitata,  Ph'd.     Chalk,  Yorkshire,  Phil. 

5.  — osciilifera,  Phil.    Chalk,  Yorkshire,  Phil. 

6.  convuiuta,  Phil.     Chalk,  Yorkshire,  Phii. 

7.  — ' marfjiiiaia,  Phil,     Chalk,  Yorkshire,  Phil. 

8.  radit'iformis,  Phil.     Chalk,  Yorkshire,  Phil, 

9.  „_  terchrata,  PhU.     Chalk,  Yorkshire,  Phil, 

10,  Iievig,  Phil.     Chalk,  Yorkshire,  Phil. 

11, porosa,  Phil.     Chalk,  Yorkshire,  Phil. 

12,  erihrosa,  Phil.     Chalk,  Yorkshire,  Phii. 

1.  Spoiigus  Townscndi,  Mant.    Chalk,  Sussex,  Mant. ;  Chalk,  Ronen,  Pci. 

2.  labyrinlhicus,  Manl.  Chalk,  Sussex,  ManL;  Chalk,  Rouen,  /*«!. 

1.  Tragos  Hippotiastanuni,  Goldf.     Maestricht,  Goldf. 

2.  deforrae,  GMf.    Cretaceous  Rocks,  Essen,  Goldf. 

3.  rugosum,  Goldf.     Cretaceous  Racks,  Essen,  Westphalia,  SAtk. 

4.  pisiforme,  Goldf.    Cretaceous  Rocks,  Essen,  WestpaaliB,  GoUjf. 

5.  stellatuni,  Goldf.     Cretaceous  Rocks,  Easen,  Goldf. 

1.  Alcyoniuin  globulosum,  Defr.     Chalk,  Bcauvais;   Meudon ;  Aroieui, 
Tours ;  Gicn  ;  Baciilite  Limest.,  Normandy,  Dttn. 

— ?  pyriforme,  Man/.     Chalk,  Siujbcx,  Mant, 

• ,  species  not  determined.     Chalk,  Sussex,  Mant.  ;  Upper  Green 

Sand,  Wnmiinaler,  Lons. 

1.  Choanites  aubrotundus,  Manl.     Chalk,  Sussex,  Mant. 

2.  •  Konigi,  Mant.     Chalk,  Sussex  ;  Warniiuster,  Mant. 

3.  flesuosus,  Manl.     Chalk,  Sussex,  Mant. 

1.  Ventriculites  radiatus,  Mant.     Chalk,  Sussex,  Mant.;  Chalk,  Mc 

AL  liroHff, 

2.  —  alcyotioides,  Mant.     Chalk,  Sussex ;  Warminster,  Mant. 

3.  BeiietlfJE,  Mant,   Chalk,  Sussex,  Afant. ;  Cb&Ik,  Yorkshire, /'Ai 

1.  Siphonia  Wehsleri,  Mant.     Chalk,  Sussex,  Mant. 

2. '  ccrvicomift,  Goldf.     Chalk,  Haldem,  Westphalia,  Goldf. 

3.  — Ficus,  Goldf.     Green  Sand,  Qaedliuburg,  Goldf. 

4.  punctata,  Goldf,     Green  Sand,  Goslar,  G.  T, 

1.  Hallirhoa  costata,  Lam'.     Green  Satid,  Normandy,  DelaB.;  L'pper 

Green  Sand,  Wamiiiister,  Lons. 
1.  Screa  pyriformis.  Lam.     Green  Sand,  Normandy,  AL  Brong. 
1.  Gorgonia  batillaris,  Goldf.     Maestricht,  Goldf. 
1.  Nullipora  raccmosa,  Gohlf.     Maestricht,  Goldf. 
1,  Miiiepora  Fittoni,  Mant.    Chalk,  Sussex,  Mant. 
li.  — — —  Gilberti,  Mant.     Chalk,  Sussex,  Mant. 

3.  anttqua?  Defr.     Baculite  Limest.,  Normandy,  Detn. 

4.  madreporacea,  Goldf.     Maestricht,  Goldf, 

5.  compressa,  Gnldf.     Maestricht,  Goldf. 

species  not  determined.     Chalk,  Meudon,  A  I.  firoitff. 

1.  Eschdrs  cydoatoma,  Gol<^.    Maestricht,  Goldf.     Kjugc,  Sweden,  Bu, 
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Eschars  pyri/bnnis,  Goldf.     Maestricht,  GolJf. 

^ atigmatophoro,  Goldf.     Maestricht,  (ioUf. 

— -~    sexangularia,  Goldf.     Maestricht,  Goldf. 

canceSata,  Goldf.     Maestricht,  Goldf, 

arachnoidea,  Goldf.     Maestricht,  Goldf, 

dichotomo,  Goldf.     Maestricht,  Goldf. 

striata,  Goldf.     Maestricht,  Goldf. 

• hlograna,  Goldf.     Maestricht,  Goldf. 

diaticha,  Goldf.     Meudoti,  Gvldf. 

Cellepora  ornata,  Goldf.     Maestricht,  Goldf, 

Hippocrcpis,  Goldf.     Maestricht,  Goldf. 

Velamen,  Goldf.     Maestricht,  Goldf, 

dentata,  Goldf.     Maestricht,  Goldf. 

• crustulcnta,  Goldf.     Maestriclit,  Goldf, 

bipunctata,  Goldf.     Maestricht,  Goldf. 

wcharoides,  Goldf.  Cretaceoua  Rocks,  Essen,  Westphalia,  Qoltf. 

Coacinopora  infuiidibuliformis,  Goldf     Coesfeld,  G.  T. 

macropora,  Goldf.     Stormede,  Miinster,  G,  T. 

Relepora  clathrata,  Goldf.     Maestricht,  Goldf. 

lichenoides,  Goldf.     Maestricht,  Goldf, 

truncata,  Goldf.     Maestricht,  Guldf. 

diaticKin,  Goldf.     Maestricht,  Goldf. 

- — ■ —  canceJJata,  Goldf     Maestricht,  Goldf 
Flustru  utricularis,  Lam.     Chalk,  Sussex,  Alant. 

{  reticulata,  Desm,     Baculite  Limestone,  Normandy,  Dttn, 

flalielliforinis,  Lam.     BacuUte  Jiimestone,  Normandy,  De*n. 

— — ,  specifs  not  determined.     Chalk,  Sussex,  Mant. 

C<£loptychium  iobatiim,  Goh^.     Chalk,  Cocsfeld,  Goldf. 

acaule,  Goldf.    Maestricht;  Miinster,  Goldf. 

• agaracoides,  Goldf.     Cocsfeld,  G.  T. 

Ceriopora  micropora,  Goldf.    Maestricht,  Goldf. ;  Essen,  O.  T. 

cr^-ptopora,  Goldf.     Maestricht,  Goldf. 

anomalopora,  Goldf.     Maestricht,  Goldf, 

dichotonia,  Goldf.     Maestricht,  Goldf. 

millcporacea,  Goldf.     Maestricht,  Goldf. ;  Morby  ;  Kjuge,  See, 

Sweden,  His. 

madreporacea,  Goldf.     Maestricht,  Goldf. 

—  tubiporacea,  Goldf.    Maestricht,  Goldf. ;  Kjuge,  &c.,  Sweden, 

Verticillatft,  Goldf.     Maestricht,  Goldf. 

Bpiralia,  Goldf.     Maestricht,  Goldf. 

^^^^  pustulosa,  Goldf.     Maestricht,  Goldf. 

compressa,  Goldf.     Maestricht,  Goldf 

Bteilata,  Ooldf.     Maestricht ;  Cretaceoua  Rocki,  Eaaen,  Goldf, 

Diaderoa,  Goldf.     Maestricht,  Goldf, 

polyinorpha,    Goldf.     Cretaceoua   Rocks,   Easen,    Weatplialia, 

Goldf: 

- — gracilis,  Goidf.     Cretaceous  Rocks,  Essen,  Goldf. 

Bpongites,  Goldf,     Cretaceous  Rocks,  Essen,  Goldf. 

clavata,  Goldf,     Essen,  Westphalia,  Goldf, 

trigona,  GoUU".     Cretaceous  Rocks,  Essen,  Goldf. 

Mitra,  Goldf.     Cretaceous  Rocks,  Essen,  Goldf. 

venosa,  Goldf.     Cretaceous  Rocks,  Essen,  Goldf. 

— cribrosa,  Goldf.     Cretaceous  rocks,  Essen,  Goldf. 

Luiiulites  cretacea,   Defr.     Maestricht;    Tours;    Baculite  Limestone, 

Normandy,  Dent, 
Orbulitea  lenticutata,  T^m.     Chalk,  Sussex,  Manl.;  Green  Sand,  Pertr 

du  Rhone,  Al.  Brong, ;  Chalk,  Bray,  Normandy,  Pa*. 
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.  Litliodendron  gibbosum,  Muntt.    Green  Saad,  Bocham,  Wea^dtafia, 

MuHtt. 

.  gracile,  Goliy.     Green  Snnd,  Quedlinburg,  Goidf. 

Caryophyllia  centralis,  Mant.    Chalk,  Sussex,  Maal.;  Chalk,  Yorkahire, 

Phil. ;  Bacutitc  Limestone,  Normandy,  Detn. ;  Chalk,  Dn- 

clair;  Dieppe,  Piu, 

Conulus,  Phil.     Speeton  Clay,  Yorkshire,  PhU, 

Antophyllum  proliferura,  Goldf.     Foxoe,  G.  T. 
Turbiiiolia  mitiata,  Goldf.     Aix-la-Chapelle,  Goldf. 

Kcenigi,  ManL     Gault,  Sussex,  Mant, 

Fungia  radiata,  GolJf.     Cretaceous  Sand,  Aix-la-Chapelle,  Goldf. 

cancellata,  Goldf.     Macstriclit,  Goldf. 

corouuJa,  Goldf.     Cretaceous  Uocks,  Essen,  Westphalia,  Gclif. 

Chenendopora  fiingifomiis,  Lam.      Upper  Green  Sand,   VV'anniniUr, 

Lorn. ;  Harre ;  Ilouen,  Pa». 
Hippalimus  fungoides,  Lam.     Upper  Green  Sand,  Warminster,  Ltmt, 
Dipfocteiiiurn  eordatuiti,  Goldf.     Nfaestricht,  Goldf. 

Pluma,  Goldf.     Maeatricht,  Goldf. 

Meandrina  reticulatxi,  Goldf.     Macstriclit,  Goldf. 
Astrea  flexuosa,  Goldf.     Macstricht,  Gult[f. 

gcometrica,  Goldf.     Macstricht,  Goldf. 

•  clathrata,  Goldf.     Macstricht,  Goldf. 

. CBcharoides,  Goldf.     Maestricht,  Goldf. 

textilis,  Goldf.     Maestricht,  Goldf. 

' — —  velainetUosa,  Goldf.     Maestricht,  Goldf, 

. gyrosa,  Goldf.     Macstricht,  Goldf. 

elegaiis,  Goldf.     Maestricht,  Guldf. 

angulosa,  Goldf.     Macstricht,  Gnldf. 

geminata,  Goldf.     Macstriclit,  Goldf. 

arachnoides,  Scliroter.     Maestricht,  Goldf, 

Rotula,  Goldf.     Maestricht,  Goldf. 

macrophthalma,  Goldf.     Maestricht,  Goldf, 

muricata,  Goldf,     Chalk,  Meiidon,  Goldf. 

stylophora,  Goldf.     Mend  on,  Goldf. 

Pagrua  Froteus,  Defr.     Meudoii ;    Tours ;   Bactdite  Limestone,  NoN 

mandy,  Detn. 
Polypifera,  genera  not  detcnnincd.     Green  Sand,  Grand  Chartreuie, 

Beaum. ;  Green  Sand,  Maritime  Alps,    D«  la  B, ;   Lover 

Green  Sand,  Isle  of  Wiglit,  Sedg. ;  Gourdon,  S.  of  France, 

Dufr. 

Radiaria. 

1 .  Apiocrinites  etlipticus.  Miller,  Chalk,  Sussex,  Mant, ;  Chalk,  Yorkshire, 

Phil. ;    Chalk,  Touraine ;    Baculite   Limestone,    Normandy, 

Detn. ;    Westphalia ;    Maestricht,    Goldf, ;   Chalk,   Dieppe, 

Pa*. 
t.  Pentacrinites,  species  not  determined.    Chalk,  Sussex,  iVanf. ;  Speeton 

Clay,  Yorkshire,  PhU. 
1.  Marsupites  ornatus,  il/t/Ve-r.     Chalk,  Sussex,  Afon^;  Chalk,  Yorkshire, 

Phil, 
1.  Glenotremitc's  paradoxus,  Goldf.  Marly  Chalk,  Speldorf,  between  Duii- 

berg  and  Miihlheim,  Goldf. 
1.  Aatcrios  quinciuelobu,  Guldf.    Cliiilk,  North  Fleet;  Chalk,  Maestrfc 

Hinkerode  near  Miinslcr,  Goldf. 
,  species  not  determined.     Chalk,  Paris ;  Rouen  ;  ^11,  Brc 

Baculite  Limstone,  Normandy,  Detn.;  Clialk,  Cnglaod. 

1.  Cidari^  crctosa,  Mant.     Chalk,  Sussex,  Manf. 

2.  -■  variolaris,  Al.  Brong,    Chalk,  Siuwex,  Mant,  ;  Gretn , 
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HfivTC ;  Green  Sand,  Perte  du  Rhone,  Al.  Brong. ;  Cretaceous 
Rocks,  Koesfeld  and  Essen,  Westphalia ;  Cretaceous  Rocka, 
Saxony,  Goidf. 

5.  Cidaria  claviger,  Konig.     Chalk,  Sussex,  Mont. ;  Rouen,  Paa. 

4.  vulgarii.     Chalk,  Poland,  Al.  Brong. 

6.  • regalis,  Goldf.     Maestricht,  GoUf. 

6.  ^— ^—  vesiculosa,  Goldf.    Cretaceoua  Rocka,  Eaaen,  Wettphalia,  GMf, 
7. gcutiger,  Munst.   Cretaceous  Rocka,  Kelheim,  Bavaria,  Goidf. 

8.  crenularis,  Lam.     Chalk,  France,  Goldf. 

9.  granulosa,   Goldf.      Chalk,  Aix-la-Chapi>lle;  Maestricht;  Cre- 

taceous Rocks,  Essen,  Westphalia,  Goldf. 

,  species  not  determined.    Chalk,  Speeton  Clay,  Yorkshire,  Phil. 

1.  Echinus  regalis,  Ilaminghaut,     Cretaceous  Rocks,  Essen,  Westphalia, 
Goldf 

5.  alutaceus,  Goldf.     Cretaceous  Rocks,  Essen,  Goldf 

%.  granulosus,  Murut.    Cretaceous  Sandstone,  Kelheim,  Bavaria, 

Munxt. 

4. areolatus,  Wahl.     Balsberg,  Scania,  NIU.    Green  Sand,  Wilta; 

Lyme  Regis,  Kiinig. 

5.  — —  Benettie?,  Konig.     Green  Sand,  Chute,  Wilts,  Konig. 
,  species  not  determined.     (Ireen  Sand,  M.  de  Fis,  Al.  Brong. ; 

Baculite  Limestone,  Nonnamiy,  Detn. ;  Upper  Green  Sand, 
Warminster,  Lons. 
1.  Galerites  albo-galcrus.  Lam.  Chalk,  Sussex,  ManL ;  Chalk,  Yorkshire, 
Phil.  ;  Chalk,  Dieppe,  Al.  Brong. ;  Chalk,  Quediinberg  and 
Aix-la-Chapellc,  Goldf  Chalk,  Lublin,  Poland,  Patch.  Chalk, 
Lyme  Regis,  De  la  B, 
vulgaris,  Lam.  Chalk,  Sussex,  Mant.  ;  Chalk,  Drcux,  fire,  Al, 
Brong. ;  Quediinberg ;  Aix-la-Chapelle,  Goldf.  Chalk,  Lyme 
Regis,  De  la  B. 

3.  subrottindus,  Mant.     Chalk,  Sussex,  Mant. ;  Chalk,  Yorkshire, 

Pkil. 

4.  ^ Hawkinsii,  Mant.     Chalk,  Sussex,  Mant. 

£.  abhreviotus,  Lam.     Cretaceous  Rocks,  Quedlinbei]g ;   Aix-la- 

■  Chapelte,  Goldf. 

H.  canalicuIatuB,  Goldf.     Cretaceoijs  Rocks,  Biiren  and  Brencken, 

B  Westphalia,  GoUlf. 

Wf,  — • Subuculus,  LinuiFu*.     Cretaceous  Rocks,  Koeifeld  and  Essen, 

^  Westphalia,  Goldf. ;  Hdvrc,  Paa. 

8. eulcato-radiatus,  GoUlf.     Maestricht,  Goldf. 

.J>,  — — — ?  depressus,  I^am.     Green  Sand,  M.  de  Fis,  Al.  Brong. 

k   — ,  species  not  determined.     Chalk,  Upper  Green  Sand,  Warmin- 

W  ster,  Loni. 

Ctypeus,  species  not  determined.  Upper  Green  Sand,  Warminster,  Loni. 

\.  Clypeaster  Leskii,  Goldf.     White  Chalk,  Maestricht,  Goldf. 

Ift,  fomicatus,    Goldf.     Cretaceous  Rocks,   Miinster,  Westphalia, 

P  Goldf. 

3.  — ^" —  oviformis,  Lam.     Green  Sand,  Mans,  Detn. 

1.  Echinoneus  subglobosus,  Goldf.     Maestricht,  Goldf, 

2.  Ptaceiita,  Goldf.     Maestricht,  Goldf. 

3.  Lampas,  De  la  B.     Green  Sand,  Lyme  Regis,  De  la  3, 

4.  peltifonnis,  H'ahl.     Balsberg,  Scania,  H'ahL 

1.  Nuclcolites  Ovulum,  Lam.     Maestricht,  Goldf.  ;  Rouen,  Pa*. 
Bcrobicularis,  Goldf.     Maestricht,  Goldf. 
Rotula,  Al.  Brottg.     Chalk,  Rouen ;  Green  Sand,  M.  de  Fis, 

Al.  Brong. 
castanea,   Al.  Brong.      Green  Sand,  M.  de  Fis,  Al.  Brong,; 

Rouen,  Pa*. 
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5.  Nucleolites  patolliiris,  Gold/.     Maefltriclit,  Gold/. 

6.  , —  pyrifonnu,  Gold/.     White  Chalk,  Mae«tricht  and  Aix-la-CIu- 

pelU,  Gold/ 

7.  — lacuno3U3,  Gold/   Cretaceous  Rock?,  Eisen,  Westphalia,  GoUf. 

8. cordatua,  Goly.     Cretaceous  Rocks.  Esaen,  GaldJ. 

9.  — carinatua,   Gold/      Chalk,   Aix-la-Chapelle  and   Hildesheim; 

Cretaceous  Rocks,  Esson,  Westphalia,  Gold/. 

10.  Lapis  Cancri,  Gold/      Aix-la-Chapelle ;  Maestricht,   Gol^^j 

Upper  Green  Sand,  Warminster,  Lons. 

11.  ^ — ^  deprcssa,  ^41.  lirong.,  Rouen,  Pas. 

12.  hcteroclila,  De/r.,  Chulk,  Ik-auvais,  Pat. 

— , species  not  determined.  13ttt?ulite  Limestone,  Normandy;  Lover 

Chalk,  Tours  ;  Rouen,  Dan. 

1.  Ananchytea  ovata,  Lam.     Chalk,  Sussex,  Mant.;  Chalk,  Yorkshire, 

Phil.  ;  Chalk,  Moen  ;  Mcudon,  AL  Brong. ;  Barulite  Lime- 
stone, Nonnandy,  Dem. ;  Limhamn,  Sweden,  Nil*. ;  Creta- 
ceous Rocks,  Coesfeld,  Westphalia,  Gold/.;  Chalk,  Lublin, 
Poland,  Piuck ;  Chalk,  Rouen,  Pat. 

2.  lieniispha'rica,  Al.  Brong. ;   Chalk,  Yorkshire,  Phil. ;  Chalk, 

Etretat ;  Duclair,  Nonnandy,  Pa*. 

3. —  intumescens,         .    Chalk,  Yorkshire,  Phil. 

4.  • pustulosa, /.am.     Chalk,  J oigny  ;   Paris;    Rouen;   and  Moen, 

Al.  Brong. ;  Chalk,  Norwich,  Woodward. 

5.  • conoidea,  Gold/     Cretaceous  Rocks,  Auhel,  Belpium,  Gold/ 

6.  striata,  Law.  Mac^triclit ;  .\ix-la-Chopelle;  Quealinbur|r,  Cio/<^. 

7.  — sulcata.  Gold/     Chalk,  Aix-la-Chapclle ;  Mnestricht,  Gold/ 

8.  ^  Corculum,  Go////".  Cretaceous  Rocks,  Coesfeld,  Westphalia,  GoA^. 

,  sijecies  not  determined.     Chalk,  Warminster,  Lont. 

1.  Spatangiis  Cor-anguinuni,  Lam.  ("halk,  Sussex,  Matii. ;  Chalk,  York- 
shire, Phil,  i  Chalk,  Meudon  ;  Joigny;  Dieppe  ;  Green  Sand, 
M.de  Fia,  Al,  Brong.;  Ilttculite  Limestone,  Normandy, /)«».; 
Torp,  Scania,  Nili.  ;  Chalk,  Dorset  and  Devon,  Dr  la  B. ; 
Marly  Chalk,  Paderhoni ;  Bielefeld  ;  MUnster  ;  Coes/eld ; 
Aii-la-Chapelle,  Gold/;  Planerkalk,  Saxony,  Mutut.;  Chalk, 
Lublin,  Pofnnd,  Piuch ;  Mont-Ferrand ;  Pic  dc  Bugarach, 
Pyrenees,  Da/r. 

■  mstratus,  Mant.     Chalk,  Sussex,  Mant. ;   Chalk,  Joigny,  Al. 
Brong. 

■  planus,  Mant.     Chalk,  Sussex,  Mant. ;  Chalk,  Yorkshire,  PkU, 

■  retusuB,  Park.     Upper  Green  Sand,  Wiltshire,  Loiu. 

■  cordifomiis,  Mant.     Chalk,  Sussex,  Mant. 

•  suhorbiculnria, Z)<'/r.  Green  Sand,  Dives,  Nonnandy,  AL  Brong.; 
Marly  Chalk,  Maestricht,  Gold/  ;  Rouen,  Pa*. 

■  punclatus,  Lam.     Upper  Green  Sand,  Warminster,  Loni^ 

■  granulosus,  Gold/     Maeslriclit,  Gold/ 

•  subglohoaus,  Letke.      White  Chalk,  Quedlinburg,   Cretaceous 
Rocks,  Biiren,  Paderbom,  Gold/  ;   Rouen,  Pat. 

■  nodulosus.  Gold/    Cretaceous  Rocks,  Essen,  Westphalia,  GoUf. 

■  rodiatus,  Z>ar».     Maestricht,  f7o/<ff. 
'  tnmcatiis.  Gold/.     White  Chalk,  Maestricht,  Gold/ 

■  omatus,  Cuv.  Chalk,  Aix-la-Chapolle,  Gold/;  Env. of  Bayoane, 
Du/r. ;  ChfJk,  Dieppe  ;  Rouen,  Pas. 

■  Bucklandii,  Gold/    Cretaceous  Rocks,  Essen,  Gold/. 
Bufo,  Al.  Brong.     Chalk,  Mcudon,  Havre,  Al.  Brong.  ;  Chalk, 

Sussex,  Mant.*;  Haculite  Limestone,  Normandy,  Z>tat*f 
Chalk,  Aix-la-Chapelle ;  Maestricht,  Gold/. 

*  Sp,  Prunella  of  Mantell,  according  to  Brongniart 
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SpatangUB  arcuarius.  Lam.     White  Chalk,  Maestricht,  GMf. 

Prunella,  Lam.     Marly  Chalk,  Maestricht,  GoUlf. 

Amypdala,  Goldf.     Clmlk,  Aix-la-ClmpcIle,  GoUf. 

gibbus,  Lam.    Cretaceous  Rocks,  Paderborn,  Westphalia,  Goldf. 

Cor-tcstudinatiuin,  Goldf.    White  Cbalk,  Maestridit  and  Qued- 

liiiburg;  Cretaceous  llockn,  Coesfeld,  Wcstjjlmlin,  Goldf. 
^—^  Bucardium,  Guldf.     Chalk,  Aix-la-Cliapelle,  Go/df. 
lacvinosua,  Llnuaut.     Chalk,  Quedlinburg  and  .\ix-la-Cha.pelIe, 

Goldf 
Murchwonianus,  Kvenlg.     Upper  Green  Sand,  Sussex,  Murch., 

Mant. 

^—  hemisphffiricus,  Phil.     Chalk,  Yorkshire,  PhU. 

^—~'—  argillacciis,  Phd.     Speeton  Clay,  Yorkahire,  Phil. 

Isevis,  Dffr.    Green  Sand,  Perte  du  Rhojie,  Al.  Brong.;  Hlvre; 

Rouen,  Pas. 

acutua,  Desk.,  S.  of  France;  Rouen,  De*h. 

Anibulauruni,  Desk.,  Pyrenees,  Deik. 

- — • cra.ssissimut,  Defr.,  Havre,  Pat. 

^ -,  species  not  determined.   Gault  and  Lower  Green  Sand,  Sussex, 

Manl. ;  Green  Sand,  Gtaiide  Chartreuse,  Beuiim. ;  Chalk, 

Warminster,  Lont. 

Annulata. 

Serpula  ampuUacea,  So^^'.      Chalk,  Sussex,  Mant. ;    Chalk,  Norfolk, 
Barnes. 

Plexus,  Sme.     Chalk,  Sussex,  Manl. 

— Carinella,  Sow.     Gveen  Sand,  ISlackdovvn,  Sow. 

antiquiVttt,  Sow.     Green  Sand,  Wilts,  Svtv. 

— — — •  nistica,  Suw.     Upper  Green  Sand,  Folkstone,  Goorlhail. 

arttculata,  Sow.     Upju-r  Green  Sand,  Folltstone,  Sow. 

—  obtusa.  Soil'.     Chalk,  Norfolk,  Jtoie. 

flxictuatn.  Sou'.    Chalk,  Norfolk,  Barnes. 

'Tinacropus,  Sow.     Chalk,  Norfolk,  Lf allies. 

■  Trachinus,  Guldf.     Green  Sand,  Ksaeu,  Westphalia,  Goldf. 

lophioda,  Goldf.     Green  Sand,  Essen,  Goldf. 

liEvia,  Goldf.     Green  Sond,  Essen,  Goldf. 

triangularis,  Mii/uf.     Gaiilt?  Kinkerode,  Miinster,  Miimt. 

-  draconocephala,  Goldf.     Chnik  Marl,  Maestricht,  Goldf. 

depressa,  Goldf.     Green  Sand,  Es:ien,  Goldf. 

Rotula,  Guldf     Green  Sand,  Regensburg,  Go/df. 

quadricnrinata,  Miinst.     Green  Sand,  Regensburp,  Goldf 

cincta,  Goldf.    Green  Sand,  Lsscn  ;  Green  Sand,  Coesfeld;  Aix- 

la-Chauelle,  Goldf 
arcuntB,  Miinst.     Green  Sand,  Regensburg,  Goldf. 


siibtorquata,  Miinsl,     Cretaceous  Blue  Marl,  Rinkerode  near 
Miinster,  Goldf, 

—  sexangularis,  Miiiaf.,  Rinkerode,  Goldf. 

—  Noggerathii,  Miiiiat.,  Rinkerodp,  Goldf 

—  erecta,  Goldf.     Cretaceous  Marl,  Maestricht,  Goldf. 

—  Amphisbcena,  Goldf.    Green  Sand,  Boehum,  Westphalia;  Cre- 

taceous Mar!,  Maestricht,  Goldf. 

—  spirogmphis,  Goltif,     Green  Sand,  Essen,  Goldf. 

—  parviila,  Miinst.     Green  Sand,  Essen,  Goldf. 

—  subrugosa,  MHiut.      Blue  Cretaceous  Marl,  Baumberg,  near 

Miinster,  Goldf. 

—  crenato-striiUa,  Mitmt.,  Baumberg,  Goldf. 

—  vibicata,  Miiiut.     Blue  Cretaceous  Marl,  Rinkerode,  Goldf. 

—  gordialis,  ScMot.,  Miinster;   Paderborn;    Essen;  Oinabruck; 

2l 
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MaeHtricht ;  Regenaburg ;  Strchia  and  PeniA,  near  Dreiden, 
Goldf. 
Serpula,  speciea  not  determined.     Red  Chalk,  Sp«plon  Clay,  Yorkshire, 
PhU. ;  Chalk,  Paris,  //I.  Brong. ;  Charlottenlund ;  Kiipinge, 
Scania,  NiU. 

ClRRlfEDA. 

Pollicipcfl  Rulcatus,  Sow.     Gtolk,  Sussex,  Mant. 
maximus.  Sow.    Chalk,  Norfolk,  Barnes, 

CoNciitpeaA. 

Magas  pumiluB,  Sow.    Chalk,  Norwich,  Taj/lor ;   Chalk,  Meudoo,  Ai. 

Brong.  ;  Chalk,  Dieppe,  Pa*. 
Thecidea  radians,  D«fr.  Chalk,  Maestricht,  Fauj.  de  St.  Fond;  Baculite 

Limestone,  Normandy,  Z)etn. ;  Chalk,  Dieppe,  Pat. 
>  recurviroBtra,  Defr.  Maesitricht;  Baculite  Limegtone,  Normandy, 

Detti. 

• hieroglyphica,  Defr.     Chalk,  Essen,  Hem. 

Terebratula  subrotunda,  Sow,      Chalk,  Sussex,  Mant. ;  Gre«n  Sand, 

Bochuin,  //«•«. 
camca,  Sow.  Ciialk,  Sussex,  Mani. ;  Clmlk,  Meudon,  ^l.  Brong. ; 

Green  Sand,  Boclmm,  Hmn. ;  Chalk,  Kouen  ;  Dieppe,  Pai. 
ovata,  Sow.  Chalk,  Lower  Green  Sand,  Sussex,  Mant. ;  Kopinge, 

Scania,  Nils. ;  Green  Sand,  Bochum,  Han. ;  Chalk,  Rouea, 

Pa*. 

undata*,  Sow. 

clongttta,  4S'oK' 

plicatilis,  Smu. 


^ 


U| 


Chalk,  Sussex,  Mant.  ;  Chalk,  Rouen,  Pa*. 
Chalk,  Sussex,  Mant. 

Chalk,  Sussex,  Mant.  ;  Chalk,  Meudon,  Moen; 
M.  de  F'is,  AL  Brong.;  Green  Sand,  Grande  Chartrerwe, 
Beaum.;  Chalk,  Gravesend,  6W. ;  Jonsac;  Cognac,  ZJafr. 
7-  ^-^-^  suhplicuta,  Matit.  Chalk,  Sussex,  Mant. ;  Chalk,  Yorkshire, 
Phil.;  Chalk,  Maestricht;  Tours;  Beauvais;  Bac.  Limectooc^ 
Nonnandy,  Dem. 

8.  curvirostrift,  Nils.     Kopinge,  Scania,  NiU. 

9.  Mfintcllianat,  Sow.     Chalk,  Sussex,  Mant. 

10.  Martini  J,  Maul.     Chalk,  Sussex,  Maut. 

jl,  ^_ — .  rostrata,  Sow.     Chalk,  Sussex,  Mant. 

12,  squamosa,  Mant.     Chalk,  Susaex,  Mant. 

13.  biplicata.  Sow.     Upper  Green   Sand,   Sussex,   Mant.; 

Green  Sand,  Cambridge,  Sedg.;  Rouen  ;  Havre,  Pat.;  G 
Sand,  Calvndos,  Her. 

11.  lata,  Sow.     Lower  Green  Sand,  Sussex,  Mant.  ;    Gr^a  Sand, 

Devizes,  Sow. ;  Upper  Green  Sand,  Warminster,  Lomr. ;  Gvtu- 
don,  Dufr. 

15.  Buhiiiidata,  Sow.   Chalk,  Spccton  Clay,  Yorkshire,  PhU. ;  Clulk« 

Ilouen,  Al.  Brong. 

16.  pentagonalis,  Phil.     Chalk,  Yorkshire,  Phil. 

17-  liiiiiolaia,  Phil.     Spceton  Clay,  Yorkshire,  PhU. 

18.  Defrancii},  Al.  lirong.     Chalk,  Meudon,  Al.  Brong.;  Chalk, 

Sussex,  Mant.  ;  Speeton  Clay,  Yorkshire,  PAit.  ;  Balalwif, 
Morby,  Sweden,  Nil*. ;  Maestricht,  Hwn. ;  Chcdk,  Rouen, 
Pas. 

19.  intermedia,  Sow.    Upper  Green  Sand,  Warminster,  Sim. 

20.  alata.  Lam.     Chalk,  Meudon,  Al.  Brong. ;    Kopinge ;    Minbjr, 

Sweden,  Nik, ;  Cognac,  Dufr.  ;  Ch*lk,  Koaen,  Pa*. 

*  T.  tnhimdata,  T,  intermedia,  and  T.  temiglobotOf  according  to  MantcIL 

f  T.  ttiicata  Mant.        X  T.  I'isutn  of  Sowerby.        {  T.  tiriatmta  of  Uanielt 
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21.  Terebratula  octoplicato,  Sow.  Chalk,  Sussex,  ManL  ;  Chalk,  Dieppe,  AU 

BroHg.;  Balsberg;  Innaberga,  Sweden?  ^i&.;  Orecn  Satid, 
Quedltnburg,  Hisn. ;  Jonsac ;  Cognac,  Du/r. ;  Chalky  Itouen, 

22. Galiina,  /1l.  Brony.    Green  Sand,  Perte  du  Rhone,  AL  Brong. ; 

BacuJite  Limestone,  Nonnandy,  Desn. ;  Houcn  ;  Hu^Te,  Pat. 

f  23.  — •  oTiiitboccphola,  Sw).    Green  Sand,  Pcrte  du  Kbdne  ;   M.  de 

Fis,  Ai,  Brotiff. 

24.  pcctita.  Sow.  Baculite  Limestone,  Normandy,  Desn, ;  Ignaberga, 

Scauia?  NUs.  ;  HAvre,  AL  Brong. ;  Upper  Green  Sand, Wilts, 
Meade ;  Macstricht,  Ha:n. 

25.  • — ■-  -  -  recurva,  Defr.     Maeatricht ;    Baculite  Limestone,  Nomisndjr, 

Dttn. 

26.  bevigatn,  NiU,     Kopinge,  Scania,  NUt. 

27.  triaJigidaris,  WahL     Kopinge^  Scania,  Nlli, 

28.  longtrostris,  WaM.     Balaberg  ;  Kjuge,  Sweden,  NUi. 

29.  Lyra,  Sow.     Upper  Green  band,  Warmiuster,  Lvns. ;   Hlvre, 

Pas. 

40.  ' rhomboidttlia,  NtU.     Kjugc ;  Morby,  Sweden,  N'dx. 

31.  ^^^^  semiglobosa,  Sow.  Cbarlottenlund,  Sweden,  Nils.;  Clialk,  Moen, 

At.  Brong. ;  Green  Sand,  Bocliuiii,  MteH. ;  Chalk,  Yorkshire, 

PhU. 
obtusa,  Sou\     Upper  Green  Sand,  Cambridge,  Sedg. ;    Green 

Sand,  Quedlinburg,  Jiven. 
33.  ^^^ ,  obesa,  Smv.     Chalk,  Warminster,  Lotu. ;    Chalk,  Bray,  Nor» 

mandy,  Pat. 

•34. diinidiata,  Sow.     Green  Sand,  Haldon,  Sow. 

35.  aperturata,  Schlot.     Chalk,  Essen,  Ilani. 

3G.  cnrysalia,  Sdtlot,     Macalricht,  Hain. 

37.  currata,  Schlot.    Green  Sand,  tiuedlinburg,  Itcen. 

38.  dissimilis,  iScA/ot.  Green  Sand,  Bochuin;  Chalk,  Speldorf, //<ani. 

39.  lacunosa,  Schlot.     Green  Sand,  Quedlinburg,  Ham. 

40.  microicopica,  Fauj.  de  St.  P.,  Maestricht 

41. nucleus,  Defr.     Green  Sand,  Bochum;  Quedlinburg,  Ham, 

42. ovoidea*,  Sow.     Green  Sand,  Bochum,  Han. 

43.  'pcltato,         .     Maestricht,  Ilmn. 

44.  scmistriata.  Lam.     Green  Sand,  Bochiun,  Han. 

45.  striatula,  Sow.     Green  Sand,  Bocbmn,  Heen. 

46.  i  varians,         .     Chalk,  Esson,  Ham. 

47.  —     — '  vermiciilaris,  Schlol.     Maestricht,  Hoen. 

48.  ^^^^  minor.  Nils.     Kjuge,  NiU. 

49. pulchellft  t,  Nils.     Scania,  A'iii. 

50.  ^^^-^  coBtata,  Nils.     Kjuge,  Nils. 

51.  ^  Lens,  Nik.    Charlotte nlund,  Sweden,  Nils. 

52.  depressa.  Lam.     Gourdon,  S.  of  France,  Dufr. 

53.  Gihbsiana,  Sow.     Green  Sjuid,  Folkstone,  Sow, 

54.  rigida.  Sow.     Norfolk,  Sow. 

1.  CraniA  Parisiunsis,  Defr.  Chalk,  Meudon,  AL  Brong.;  Chalk,  Brighton, 
L  Sow. ;  Chalk,  Dieppe,  Pas. 

f  3.  antiqua,  Defr.     Baculite  Limestone,  Nonnandy,  Detn. ;  Chalk, 

Schlenacken,  Hcen. 

3.  striata,  Defr.    Baculite  Limestone,  Normandy,  Desn.  ,*  Balsberg, 

&c.  Sweden,  Nil*. 

4,  stellata,  Defr.     Baculite  Limestone,  Nonnandy,  Detn. 

•  According  to  Von  Dcchcn  very  tike  T.  lata  of  Sowerby. 
f  T.ftmiilo,  Lnm. 
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5.  Crania  spinulo8a,JViii.  Kju^;  Miirby,  Sweden,  iVi/«.;MBe«tricht,^a^ 
€.  tuberculato.  Nils.     Scania,  JNilt. 

7.  —  NuinmuIuB,  Lam.     Balsberg;  Kjuge;  lib,  in  Scania,  Nits. 

8.  nodulosa,  Hem.     Maestricht,  Ucen, 

OrbJcula,  species  not  determined.    Lower  Green  Sand,  Soasex,  Aforj 

Spccton  Clay,  Yorkshire,  Phil. 

1.  Hippimtes  radiow,  Dei  M.     Cendrieux,  P6rigord,  Dei  At. 

2.  Comu  Pastoris,  Des  M.     Pyles,  Perigueux,  Jouanntt. 

3.  • striata,  Drfr.     Alet,  Aiide ;  Manbach,  Borne,  Dta  M. 

4.  sulcata,  Defr.     Alet,  Aude,  Det  M, 

6, dilatata,  Defr.     Alet,  Aude,  De*  M. 

6.  bioculata,  Lavt.     Alet,  Aude,  De*  M. 

7.  Fiatulfe,  Defr.     Alet,  Aude,  Des  M. 

8.  retecta,  Defr.    Manieillc;  Dauphin^;  Regeniburg,  UntersI 

G.  T. 

,  species  not  deterrained.     Cretaceous  Rocka,  Soutli  of  Frau 

Beaum. ;   Pyrenees  ;   Jonsac  (very  large),  Dufr.  ;  Wi 
Alps,  Lill  von  Lillienbach  ;  Chalk,  Suuex,  Mant, 

1.  Sphsrulites  dilatata,  Dts  M.    Chalk,  Royan  and  Talmont,  nnouth 

the  Gironde,  Det  M. 

2.  ■  Boumonti,  Dei  M.     Royan  and  Talmont;  Valine  de  la  Couze, 

Dordogne,  Dei  M. 

3.  ingens,  lies  M.     Royan  and  Talmont,  Det  AT, 

4.  Hceii  inghauaii,  Dei  M.    Royan  and  Talmont ;  Chalk,  Langutis, 

Dordogne,  Det  M. 

5.  foliacea,  Lam.     Isle  d'Aix,  Fleurian  de  Bellevue. 

6.  — Jodamia,  Det  M.     Mirambeau,  Cbaretitc-Inftrieure,  Defr. 

7.  — —  Jouaunctti,  Dtt  M.     Valine  de  la  C^juze,  Perigord,  Dci  At. 

8. —  cFttterifoiiuis,  Dei  M.     Royan  ;  Langnaia,  Dordogne,  Du  M, 

9. cylindracea,  Dei  M.     Valine  de  la  Couze,  Dtt  M. 

10.  ^ ■  ventricosa,  Des  Af.     Valine  de  la  Couze,  Dei  At. 

11. ttirbinata,  Des  Af.     Valine  de  la  Couze,  Dei  Af. 

12.  criatata,  Dei  Af.     Department  of  the  Var,  Dei  Af, 

13.  bioculata,  Dei  Af.     Var,  Dei  Af. 

14. imbricata,  Det  Af.     Var,  Dei  M, 

15.  calceoloides,  Det  At.     VaU<§e  dc  la  Couze,  Dei  Af. 

1 .  Ostrea  resicularis,  Lam.     Chalk,  Sussex,  Afant. ;    Chalk,  P^rigiieux, 

Meudon,  Al.  Broriff. ;  Chalk,  Maestricht,  Fay,  de  St.  F. ; 
var.  Baculite  Limestone,  Normandy,  Dein.;  Kdpiugej  Kjuge, 
Sweden,  Nits.;  Chalk,  Dieppe,  Pai. 

2.  semiulana,  Alant.     Chalk,  Sussex,  Atant. 

3.  canalicuiata,  Sow.    Chalk,  Sussex,  Mant. ;  Aix-la-Chapelle,  6. 

4.  carinata.  Lam.    Upper  Green  Sand,  Sussex,  Afant. ;  Green  Sand, 

Normaady,  DelaB.;  Green  Sand,  Grasse,  (Dep.  of  theVw,) 
Martin  de  Afartiauei;  Grceu  Sand,  Bochum;  Chalk,  Efn, 
Han. 

5.  serrata,  Defr.   Chalk,  Sweden  ;  Dreux,  Al.  Brong. ;  Green  Sand, 

Grasse,  Var;  Maestricht,  ^<rn.  ,*  Jonsac;  Cognac;  Angou- 
l§me;  Coustougc,  i>i»/r. ;  Chalk,  lioMou,  Pat. 

6.  lateralis,  A'i^.    Kbptnge ;  Ifii,  Scania,  Nils. ;  Chalk,  Eeaen,  Hisn 

7.  clavata,  Nih,     Morby,  Sweden,  Nils. 

8.  Hippupodium,  Nili.     Ifii ;  Carlahamn,  Sweden,  NiU. 

y.  curv-iroatris,  Nil*.     Ifd  ;  Kjuge,  Scunia,  NiU. 

10.  aculirostris.  Nils.     Ho;  Scania,  Nils. 

11.  rtabelJifonnis,  Nili.   Kjuge,  Miirby,  Sweden,  Nils,  ;  Chalk.  Etsen, 

Hoen. 

12.  pusilla,  NiU.     Kopinge,  Scania,  NiU. 
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OstreadiIuvianB?*Z^ni.  Ba1sb«rg;  Kjiige;  Morby;  Carlihainn,  Sweden, 

Nil*. ;  Orcher,  Koiien,  Pas. 

lunata,  NIU.     Ahnu,  Yngsjo,  Scania,  NiU. 

tnmcata,  GoUf.     Green  Sand,  Grieaenbcck,  Ilten. 

tncurva,  NiU.    Kjuge  ;  Oppmanna,  NiU. 

— '— f  plicata,  NiU,     Kjuge,  Sweden,  NiU. 

biauricularis,         .     Jonaac ;  Copnac  ;  AngoulSme,  Dw/r. 

pectinata,  Lam.     Green  Sand,  Orcher,  Kouen,.  Pat. ;  Bocbum, 

G.  r. 

Rotomagensis,  Defr.     Rouen,  Poi. 

pectinoides,  Dfi'r.     Rouen,  Pat. 

auriculato,  Defr.     Rouen,  Pas. 

Exogyra  digitata,  Sow.     Grten  Sand,  Lyme  Regis,  De  la  B, 

conica,  Sow.    Green  Sand,  Siuuex  ;  Upper  Green  Sand,  WilU; 

Green  Sand,  Blackdown,  Sme. ;  Kopinge,  NiU. ;  Green  Saad, 

Haldon  Hill,  Baker. 

>  undate,  Saw.     Green  Sand,  Blackduwn,  Goodhall. 

>-^^—  haliotoidea.  Sow.  Upper  Green  Sand,  Warminsler,  Lorn.;  Chalk, 

Eaam,  Han.  s  Kjuge;  Balsberg^  Morhy,  NiU. ;  LiUebonae, 

Pat. 

liEvigata,  Som.     Green  Sand,  N.  of  Ireland,  Sow. 

Gryphffia  vesiculosa.  Sou:     Upper  Green  Sand,  Sussex,  Mant,  ;  Green 

Sand,  Warminster,  liemttt ;  Green  Sand,  Bouches  du  Rbdne, 

Ht£n. ;  Boiirg  St.  Andr^ol,  Env.  of  Pont  St.  Esprit;  Gourdon, 

Dnfr. 
^^^^  sinuata,  Soic.  SpeeUm  Clay,  Yorks.,  Phil. ;  Green  Sand,  Grande 

Chartreuse,  Beaum. ;  Lower  Green  Sand,  Is!e  of  Wight,  Sedg.; 

Pic  de  Bugarach;  Bourg  St.  Andr^ol, Z)«/r-;  Bray,  Nonn.,  Pas. 
auricularis,  jiL  Brong.     Chalk,  Perigneux,  Ai.  Brong.  ;  Green 

Sand,  Grande  Chartreuse,  Beaum. ;  Clialk,  Kaziniirz,  Poland, 

Patch;  Green  Sand,  Apt,  Vaucluae,  Hcen.;  Jonsac;  Cognac, 

Dufr. 
— — —  Aquila,  Al.  Brong.    Green  Sand,  Perte  du  Rhdne,  Al.  Brong. ; 

Pic  de  Bugarach,  Pyrenees ;    Bourg  St.  Andr^ol ;   Jonsac ; 

Cognac,  Dufr.;  Ronen,  Pas, 
ColatnliB,  Lam.     Greeti  Sand,  Noiinandy;  Green  Sand,  Mari- 
time Alps,  De  la  B. ;  Chalk,  Kazimirz,  Poland,  Patch  ;  Re- 

genburg;  Pirna;  Konig»tcin,  HoU ;  Chalk,  Saumur;  Mani, 

Hatn.;  Env.  of  Pont  St.  Esprit;  Angoulfime,  Dufr.;  Plesau- 

Griniouh,  Calvados,  Deil. 

' truncata,  Goldf.     Maestricht,  //«•«. 

-^ secnnda,  .     Env.  of  Pont  St.  Esprit ;   Jonsac  ;    Cognac  ; 

(tourdon  ;  Pic  de  Bugarach,  Pyrenees,  Dufr. 

— canaliculata.  Sow.     Upper  Green  Sand,  Wilts,  Sow. 

,  a  small  species  in  the  baculite  limestone  and  chalk  of  other  parts 

of  France,  Detn. 
Sphsera  corrugata,  Sow.     Lower  Green  Sand,  Isle  of  Wight,  Sec^. 
Podopaia  oblirjua,  Manf.     Chalk,  Sussex,  Mant. 
— striatn.  Sow.     Chalk,  Yorks.,  PAH.  ;  Chalk,  Hflvre,  Ai.  Brong.; 

Chalk,  Essen;  Bochum,  If  am.;  Chalk,  Dieppe,  Pas.;  Chalk, 

Sussex,  Mant. 
—  truncata,    Lam.     Chalk,    Normandy,   Tourainc,  AL  Brong. ; 

Balsberg  and  otlier  places  in  Sweden,  NiU. ;    Lyme  Regis, 

DeloB. 
^  ianieilata,  NiU.     Kjuge,  Morby,  Sweden,  NiU, 


*  M.  Brongiiiart  ron^idera  that  this  shell,  cited  by  M.  Nilsjon  u  0.  dilwiana, 
ta»y  be  (he  O.  ictrnla  ofDerrance.^ 
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j.  Podoptit  spioosa,         .     Cougtouge,  Dvfir. 

,  species  not  detennincd.     Goutdon,  Dwfr. 

1.  SpondjIuB  ?  strigilis,  AL  Brong. ;  Green  Sand,  Perte  da  Rhdnc,  AL 

Brong. 
\.  Plicatula  influta,  j'onf.   Chalk,  Suaaex,  Mtmt.i  Challc,  Cambridge,  Seig. 

2.  pecdnoidet,  •^ow.  Chalk,  Sussex,  Af an/.;  Gattlt,Cainbri%e,£«^j. 

3.  tadiata,  Got^f.    Coesfeld,  G.  T. 

'I.  spinosa,  Mimt.    Orcher,  Nonii.,  0.  T. 

1.  Pectcn  quinquecostatus,  •Soto.  Chalk,  Sussex,  Afanf. ;  Chalk,  Meadan, 
Ai.  Brong.  ;  Green  Sand,  Perte  da  Rhone.  Al.  Brong. ;  B»- 
culite  Limestone,  Normandy,  Dean. ;  Kopinpe,  and  other 
places  in  Sweden,  Nils. ;  Green  Sand,  Ulackdown,  Sow, ; 
Green  Sand,  Lyme  Regis,  De  la  B. ;  Upper  Green  Sand, 
Warminster,  Lon*. ;  Green  Sand,  Cocbfcld,  UstL-rfcld ;  Chalk, 
Saumur,  Hctn.  ;  En  v.  of  Punt  St.  Eaprit;  Cognac  ;  Mont- 
Ferrand;  Pic  de  Bugarach,  Pyrene«;  Env.  of  Biiyonne, Du/r.; 
Green  Sand,  Calvados,  Jler. ;  Maestricht,  G.  T. 

BcBveri,  5oti'.  Chalk,  Sussex,  Af an/. ;  Biiren;  Quedliobiug,  G.T.; 

Lillebonnc,  Pom. 

triplicatus,  Afant.     Chalk,  Sassex,  ManL 

—  —  orbicularis,  Sow.  Chalk,  Gault,  Lower  Green  Sand,  Soasex,  lUanL; 
Kbpinge,  Sweden  I  Nil*. ;  Green  Sand,  Aix-la-ChapeUcifon.; 
Liltcbonue,  Pat. 

cjuadricostatUB,  Soit:     Lower  Green  Sand,  Sussex,  Afant, ;  Chalk, 

Maestricht ;  Baculite  Liinustone,  Normandy,  Degn. ;  Green 
Sand,  Grande  Chartrruse,  Beaum. ;  Green  Sand,  Ualdoo, 
Baker ;  Upper  Green  Sand,  Wannioster,.  Lon*. 

ohliquus,  Sow.     Lower  Green  Sand,  Sussex,  Mattt. ;  Green  Sand, 

Calvados,  Her. ;  Lillchonne,  Pat. 

eretONUS,  Dejr.  Chalk,  Meudon,  Al.  Brong.;  Chalk,  Lablin,  Po- 
land, Punch;  Chalk,  Angers. 

arachiioides,  DeJ'r.     Chiilk,  Meudon  and  Normandy,  AL  Brong.; 

Chalk,  Lublin,  Poland,  Punch. 

— —  extextus  •,  At.  Brong.  Chalk,  Havre  ;  Baculite  Limestone,  Nor^ 
mandy,  Detn. ;  Chalk,  Angers,  JI(ph. 

— '—  Ecrrntus,  NiU.     Bulsberg;  Kbpinge,  Sweden,  Nil*. 

'  ^  Bcptemplicatus,  Nil*.  Bulsherg,  Kjuge,  Sweden,  Ntli. ;  Maestricht, 
G.  T. 

multicoslutus.  Nils.     Balsberg,  Sweden,  Nils, 

undulaliis,  Nils.     Kopiiige ;  Kiiserberga,  Scania,  NU9, 

subarutus,  A'iVj.     Balsbcrg;  Kjugc,  Sweden,  A'iir. 

— pulcheliiiB,  Nils.     Kijpinge ;   Bolsberg,  Sweden,  NiU. 

uneatus,  Nils.     Kopiuge  ;  Murhy,  Sweden,  ATiir. 

virgatus,  Nils.     Balsherg  ;  Morby,  Nilt. 

mcmbranaceus.  Nils.     Kcipinge,  and  other  places,  Sweden, 

kevis,  A'i/*.    Kiipinge;  Yngsjoc,  Sweden,  ;Vi&.;  Aix-la-ChapellCf 

Ilcen. 

——  inversus,  Nilt.     KSpinge,  Sweden,  Nili. 

aaper,  Lam.      Upper  Green  Sand,  Warminster,  Lout. ;   Chalk, 

LuLliu,  Poland,  Puich  ;  Green  Sand,  Bochum  ;  Chalk,  Hat- 
teren,  Ilccn,;  Green  Sand,  Calvados,  Her.;  Lillebonne,  Pat.; 
Maestricht,  G.  T. 

—  asperrimus,  Hcen.     Green  Sand,  Hnr<lt,  Han. 
■■—  gryplitcatus,         .     Green  Sand,  ALx-la-Chapelle,  Hafn. 
——  nitiaus,  Saw.  Chalk,  Sussex,  Maat.  ;  Green  Sand,  Aix-bi-ChapeUef 

tia?n. ;  Chalk,  Uoucn  ;  Uii-ppe,  Pas. 


*  H.  Hosninghaui  comiden  thii  shell  the  same  wiih  P.  unatiti,  Niluoti. 
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25.  Pecten  versicostatiis,        .    Oreen  Sand,  Aix-la-Cbapelle ;  Grcea  Sand, 

Miudoii,  H(Bn. 
?26.  comeus,  Sotp.     Kijpingo?  NiU. 

27.  ■^-    '-  dcntatus,  Nil*.     Balsbcrg,  Nilt. 

28.  " •  dubius,  Defr.     Chalk,  Uouen ;  Dieppe,  Pa*. 

— • — ,  species  not  determined.     Chalk,  Sussex,  Afant.  ;  Speeton  Clay, 
Yorks,,  Phil. ;  Green  Sand,  Maritime  Alp,  De  la  li. 

1.  Lima  pectinoidcs,  Hasn.     Maestriclitj  Haeii. 

2.  striata,  Goldf.     Maestriclit,  G.  T. 

3.  • muricata,  Gold/.     Maestricht,  G.  T. 

1.  Plagiostoma  8pino:ium  *,  Sow.  Chalk,  Sussex,  Mant. ;  Chalk,  Kf  cudon, 
Dieppe,  Rouen,  Perigucux,  Poland,  JL  Bronff, ;  Ktipin^e, 
Sweden,  Nih. ;  Chalk,  Dorset  and  Devon,  De  la  B. ;  Chnlk, 
Weinbohla,  Saxony,  Weiu ;  Qitcdliiihurg,  Holt ;  Oatorfeld, 
Nam.;  Env.  of  Pont  St.  Esprit;  Coustoiige, /Jw/r. 

2.  "-'"- -■  Hoperi,  Man!.;  Chalk,  Sussex,  Manl.  ;  Orcber;  llouen,  Pof. 

3. ■  Brightonicnse,  Mant. ;  Chalk,  Susses,  Mant. 

4.  olongatum,  Sow. ;  Chalk,  Sussex,  Mant. 

5.  — asperuni,  Mant. ;  Chalk,  Sussex,  Mant. ;  Comtouge,  Dufr. 

6.  ovatum,  Nils.     Balaberg  and  Kjuge,  Sweden,  Nils. 

7.  eemiaulcatuin,  Nils.   Balsberg  and  other  placea,  Sweden,  NiU. ; 

Chalk,  Kiiiider,  Samnur,  Hixn. 

8.  Mantelli,  Al.  Brong.     Chalk,  Dover ;   Moen,  Denmark,  Al. 

Brong. ;  Chalk,  Dieppe,  Pas. 

9.  — .^  granulatum,  Nil*.    KiJpinge,  Kjuge,  Sweden,  NUs, 

10.  elcgans.  Nil*,    lialsberg,  Miirby,  Sweden,  NiU. 

n.  ^  pusillum,  A'^r/j.     Balsbcrg,  Kiipinge,  Sweden,  Nih. 

12.  titr^rium,  La7n.    Chalk,  Saintes;  Green  Sand,  Osterfeld,  Hten. 

13. • —  denticulatum,  Nils.     Ignaberga,  Kjngo,  NiU. 

14.  aquamatum,  Gold/.     Maeatriclit,  G.  T. 

15.  Juliobonte,  Pas.     Llllebonne,  Pas. 

— ,  species  not  determined : — Upper  Green  Sand,  Sussex,  McmL 

1.  Avicula  ccenilescens,  NiU.     Kiipinge,  Kaseberga,  Sweden,  NiU, 

2.  triptera,  Bronn.     Maestricht,  6'.  T. 

— ,  species  nut  determined.     Chalk,  Sussex,  Mant.  ;  Maestricht? 

Ha:n. ;  Gonrdon,  Dufr. 

1.  InoceramuB  Ciivieri,  Sow.   Chalk,  Sussex,  Mant.;  Chalk,  Yorks.,  Phil.; 

Chalk,  'iAsxiAon,  Al.  Brong. ;  Balsberg;  Ignaberga,  Kjuge, 
Sweden,  Nils. ;  Jonsac ;  Cognac  ;  Gourdon,  Dufr, ;  Chalk, 
Rouen ;  Dieppe,  Pat. 

2. Brongniarli,  3/afi/.  Chalk,  Sussex,  71/an/.    Chalk,  Yorks.,  PAif.; 

Ksiseberga,  Kiipinge,  Sweden,  Nils,;  Chalk,  Czarkow,  Poland, 
Pitsch  ;  Quedhnburg,  Jlwn. 

3.  Lamarckii  f,  Mant.     Ciinlk,  Su.'isex,  Mant. ;  Rouen,  Pat. 

4. myliloideB,  ManL    Chalk,  Sussex,  Mant.  ;  Chalk,  Warminster, 

Lons.;  Quedliuburg;  Pirnn,  Konigstein,  llvll;  Env,  of  Pont 
St.  P'sprit,  Dufr.;  Chalk,  Dieppe;   Duclair,  Pas. 

5.  — . cordiformia,  Sou\.     Chalk,  Sussex,  Mant, ;  Chalk,  Gravesend, 

Sow. 

6.  —  latu-s  Mant.     Clialk,  Sussex,  Mant. ;  Rouen  ;  Meulers,  Pat. 


•  Pachitet  spintua  of  Defnince.  According  to  M.  Dcshayes,  the  species  ef  Pla- 
giostoma which  hare  been  named  Pachiles  liy  M.  Defranre,  are  rcfcrriUle  to  the 
fewai  Spmid^ltit,  while  the  remaining  species  of  the  same  Bupposed  genua  bulung  to 
the  genus  Lima. 

f  According  to  M.  Dcshnyes,  inoeeramus  (CaliUtu)  Lamnrckii  nn<l  /.  Brongniarti 
M»  ihc  same  shells.  All  the  Inoctraini  of  the  chalk  ore  CutiUi  according  to  Dcs- 
hayes. 
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7.  Inoccramus  Webstcri,  Mant.     Chalk,  Siukx,  Mant. 

8.  atrintiu,  il/an/.   Chalk,  Sussex,  Afan^.;  Quedlinburg;   Ormdrii, 

G.  T. 

9.  undulahia,  Mant.     Clialk,  Sumwx,  Mant. 

10.  involutus,  Soie.     Chalk,  Sunex,  Mant.;  Chalk,  Nor&lk,  Rou. 

11.  tenuis,  Mant.     Chalk,  Sussex,  Afan<. 

12.  Criptsii,  Mant.     Chalk,  Sussex,  Manl.:  Chalk,  Dieppe,  Pat. 

13.  —  concentricug,  Park.    Gault,  Sussex,  Mant. ;  Green  sand,  Perte 

du  Rhflne,  M.  de  Fis,  .^/.  Brong.;  Chalk,  Wiurmiii*tcr,  Lorn., 
(•teen  Sand,  Quedlinburg,  Bochuin,  and  Essen,  II<m. ;  Chalk, 
Rouen ;  Meulen,  Pat. 

14.  sulcBtus,  Park.     Gault,  Sussex,  Mnmt.;  Green  Sand,  Pate  da 

Rhone ;  M.  dc  Fia,  Al.  Bront).  ;  Kopinge,  Scania,  AH/i.  ; 
Green  Sand  ?  Nice,  De  la  B. ;  Rouen  ;  Meulera,  Pa*. 

15.  ' grvphawides,  Sow.     Gault,  Siusex,  Mant.;  Green  Sand,  Lyme 

kitgig,  De  la  B. 

16.  pictUB,  Sow.     Chalk,  Surrey,  Mnrch. 

17.  rugosus,         .     Quedlinhurg,  Ham. 

IH.  fornicatns,  Gotdf.     Westphalia,  G.  T. 

19.  cardissoides,  UolJf.     Qucdlinburg,  G.  T. 

,  apccies  not  dotfrmiued.     Lower  Green  Sand,  Sussex,  Marti* , 

Bnculife  Limestone,  Normandy,  Detn. 

I,  Fachymya  Gigas,  Soie.     I^wer  Chalk,  Lyme  Regis,  De  la  B. 

1 .   Meleagrinii  approximata,  Bronn.     Maeslricht,  G.  T. 

1.  Gennllia  aviculoides,  Sote.  Lower  Green  Sand,  Sussex,  Mant. ;  Green 
Sand,  Lyme  Regis,  De  la  B. ;  Quedlinburg,  HoU;  Lower 
Green  Sand  I  Isle  of  Wight,  Sedg. 

2. ^  solenoides,  Defr.     Lower  Green  Sand,  Sussex,  Mant. ;  Bacn- 

lifo  Limestone,  Normandy,  Dem. ;  Green  Sand,  Lyme  Regit, 
De  la  B. ;  Upper  Green  Sand,  Warminster,  Lont. ;  Maestricbl, 
Hcen. ;  Upprr  Green  Sand,  Aix-la-Chapelle,  Dum. 

3.  acuta,  .Snw.     Lower  Green  Sand,  Sussex,  Mant. 

1 .  Pinna  gracilis,  Phil.     Specton  Clay,  Yorks.,  Phil. 

2.  — ^  tetragonn,  5oM-.     Uppor  Green  Sund,  Devizes,  Gent;  Maeslnrht, 

IJochum;  Aix-la-Chapflle;  (Ircen  Sand,  Pima,  G.  T. 

3.  restituta.  Chalk,  Valkenburg,  Hcph. 

?  4.  subijuadrivalvis,  iMm.     Cotcntin  ;  Sauiiuir,  Hcen, 

1.  Mytilus  lanceolatus.  Sow.     Lower  Green  Sand,  Sussex,  Mant. ;  Greca 

Sand,  DIackdown,  So\o. 

2,  l»vis,  Dej'r.     Chalk,  Bougival,  .il.  Brong. ;  Rouen,  Pas. 

edentiilus,  Soto.     Green  Sand,  Bhickduwn.  Sou<. 

.     Green  Sand,  Bochum,  Han. 
Chalk,  Rouen,  Pom. 
Lower  Green  Sand,  Sussex,  Mant. 
Lower  Green  Sand,  Sussex,  Mtutt, ;  Ear.  of 
Pont  St.  Esprit,  Du/r. 
Chama  Comu  Arictis,  A'i7«.     Kiuge;  Morby,  Sweden,  XiU. 

laciniata,  NiU.     Kjuge  ;   nalsberg  ;  Morby,  Sweden,  NiU. 

,  species  not  dutermined.     Clialk,  Sussex,  Mant. 

Trigonia  Diwlalea,  Park.  Lower  Green  Sand,  Sussex,  Mant,;  fireen 
Sand,  Haldoii?  Baker;  Lower  Green  Sand,  Isle  of  Wight, 
Sedg.;  Hnv.  of  Pont  St.  Esprit,  Dttfr. 

—  aliform  is,  Sow.    Lower  Green  Sand,  Sussex,  Mant.;  Blackdown, 

De  la  B. ;  Upper  Green  Sand  ?  Eddington,  Iamm,  ;  Lower 
Green  Sftnd,  Isle  of  Wight,  Seiig.;  Gourdori,  Du/r.;  Atx-U- 
Chapclle;  Qiirdlinhurg,  G.  T.;  Orcher,  Normandy,  Pat. 
■    —  spinosa,  .JoM'.    Lower  Green  Sand,  Sussex,  Marli/t;  Green  Skuid. 
Biackdown,  Stemhauer ;  Lilleboune,  Pat. 


problematicus, 

simplox,  Pat. 

Modiola  jEqiialis,  .Soir. 
biparfitn.  Sow. 


m 
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Trigonit  nigoaa,  Lam.  Green  Saiidi,  Prrte  du  Rhdne.yf/.  Brong.  Rouen, 
Pat. 

— Bcabro,  Lam.   Green  Snnd,  Perle  duRhdne,  AL  Brong.;  Bacu- 

lite  Limestone .'  Nominndy,  Detn. ;  Plesais-Grimoult,  Calva- 
dos, Hrr.  ;  Lillebonnt- ;   Uouen,  Ptu. 

• pumila,  Nils.     Kiipiiige,  Scania,  xVi/s. 

eccentriea.  Sow.     Green  Snnd,  Blackdovvn,  Steinhauer. 

'-  -  -  •  nodosa,  Sow.     Lower  Green  Sand,  Hythe,  Kent,  Sow. 

• —  spectabilis,  Soto.     Green  Sand,  Btackdown,  GnodhaU. 

arcuata,  Lam.     Aix-la-Ctiapelle,  Hem. 

-  alata,  .     Env.  of  Pont  St.  Espril ;  Pic  de  Bugarach,  Py- 

renees, Dufr. 

-,  »pecie»  not  detemniiied.     Lower  Green  Sand,  Wiltshire,  Lotu. 

NucuIh  ])ectiiiata,  Mant.     Gault,   Susaex,  Maut.;   Blue  Marl,   Bray, 

Normandy,  Pat. 
• ovatn,  Mant.    Ganlt,  Sus.iex,  Mant.;  Speeton  Clay,  Yorkshire, 

Phil. 
inipressa,  Sokk     Lower  Green  Sand,   SusaeXj  Mant. ;  Green 

Sand,  Bhiekdown,  Sow. 

—  snbrccurva,  Phil.     Speeton  Clay,  Yorkshire,  Phil. 

ovata,  NiU.     Kopitige  ;   Kaseberga,  Scania,  NiU. 

-  truncata,  Ail».     Kiiseberga,  Scania,  Nils. 
—  panda,  Ail*.     Kiiseberga,  Scania,  NiU. 

producta,  NiU.     Kaseberga,  Scania,  NiU, 

Green  Sand,  BInckdown,  Sou>. 
Green  Sand,  BJackdown,  Sow, 
Gault,  FnlkeKtune,  Sow. 
Maesfricht,  G.  T. 
Balsberg;  Kiipinge,  Sweden,  NiU. 
Green  Sand,   Blackdown,  Sow.;  Paderboru; 
Quedlinlmrg,  G.  T. 

umboiiatus,  Sow,    Green  Sand,  Blackdown,  Sow.;  Rouen,  Pat. 

Area  carinata,  Sow.     Upper  Green  Sand,  Sussex,  Mant, 

exaltata,  A't/j.     Carlabanin,  Sweden,  A'j'/f.;  Green  Sand?  Aix-la- 

Chapelle,  Heen. 

rhombea,  NiU.    Balsberg,  Sweden,  NiU. ;  Aix-la-Chapelle,  G.  T, 

1  ciathrata,  Lam.     Chalk,  Angers;  Saumur,  Ilten. 

• ovalis,  NiU.     Kiipinge,  Scania,  NiU.;  Aix-la-Chapelle,  G.  T, 

■- >  subacutfl,  Nceit.     Maestricht,  Hcen. 

--    -  ,  species  not  determined.     Chalk,  Gault,  Sussex,  Mant. 
Cucullzea  decusaala,  Sow.     Lower  Green  Sand,  Sussex,  Mant.;  Chalk, 
Rouen,  Al.  Bronff. 

glabra,  Sow.     Green  Sand,  Blackdown,  Sow. ;  Upper  Green 

Sand,  Warminster,  Lout. ;  Rouen,  Pas. 
—  carinata.  Sow.   Green  Sand,  Blackdown,  5'wp,;  Aix-la-Chapelle, 

G.  T.;  Rouen,  Pas. 

fibrosa,  Soit:     Green  Sand,  Blarkdown,  I/ill. 

• — ' coitellola,  Sow.     Green  Sand,  Blackdown,  Sow, 

crasiintina,  Lam.     Chalk,  Beauvais,  Ha-n. 

,  BpecicR  not  determined.    Chalk,  Sussex,  Mant.;  Speeton  Clav^ 

Yorkshire,  Fiiil. ;  Gourdon,  Dufr. 
Cardita  Esmarkii,  Nils.     Kiipinge,  Scania,  A''j7«. 
- — —  Modiolus,  NiU.     Kiiseberga,  Scania,  NiU, 

luberculuta,  Sow.     Upper  Green  Sand,  Devizes,  Gent, 

craasa.  Lam.     Chalk,  Uou^,  Him. 

,  Bpecies  not  dctcnnintd.     Upjjcr  Green  Sand,  Sussex,  Mant. 

Cardiutn  decnssatiim,  Sow.     Cbalk,  Sussex,  Maul. 


antiquatn,  Sotc. 

an  gu  I  at  a,  Sow. 

• —  undulata,  Sotv. 

siltc|ita,  Gold/. 

Pectnncuhis  lens,  NiU. 
suhlfevj*.  Sow. 
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2.  Cardiutn  Uillanum,  Sov.   Grron  Sand,  Blackdown,  H'tU',  Env.  of  Po 
St.  Esprit ;  Gourdoii,  Dvfr. 

3. proboscideuni,  Sov.     Gre«D  Sand,  Blackdown,  Hill. 

Venericardia,  gpecies  not  determined.     Cbalk,  Suuex,  ManL 
1.  Astarte  striata.  Sow.     Green  Sand,  Blackdown,  Sow.;  Upper  Green 
Sand,  Devizes,  Lmu. 

^-,  species  not  determined.    Chalk,  Sussex,  MarU. ;  Lower  Green 

Sand,  Wilts,  Lom, 
1 .  Thetis  minor,  Sow.     Lower  Green  Sand,  Sussex,  Mant. ;  Green  Sand, 
LjTno  Reps,  De  la  Ji. 

2. major,'  Sow.    Upper  Green  Sand,  Devizes,  Gent;  Green  Sand, 

Blackdown,  Ilitl. 
1.  Venus  Ringiiieriensis,  Mant.     Chalk,  Sussex,  Mant. 

•2,  parva.  Sow.     Lower  Green  Sand,  Sussex,  Mant.  ,•   Green  Sa 

Lyme  Regis,  De  la  B. ;  Green  Sand,  Isle  of  Wight,  Sow. 

•3.  angulata,  Sow.    Lower  Green  Sand,  Sussex,  ManL  ;  Green  Sand, 

Blackdown,  Hill. 

•4.  Faba,  Sow.     Lower  Green  Sand,  Sussex,  Mant.;  Green  Sand, 

Blackdown  ;  Green  Sand,  Isle  of  Wight,  Sow. 

5.  ovalis,  Sow.     Lower  Green  Sand,  Sussex,  Mant. 

*6.  lineolata,  Sote.    Green  Sand,  Blackdown,  Hill;  Green  Sand,  Bo- 
chum,  Hccn. 
7.  — '—  plana.  Sow.     Green  Snnd,  Blackdown,  Hill. 

•8. caperata,  Sow.   Green  Sand,  Lyme  Regis,  De  la  B.;  Green  Sondi 

Blackdown,  HiU. 

9.  1  exerta,  Nih.     Kripinge,  Nih. 

1.  Lucina  sculpta,  Phil.     Speelon  Clay,  Yorkshire,  Plul. 

1.  Tullina  lequalis,  Mant.     Lower  Green  Sand,  Sussex,  Maut. 

2.  inacqualis,  Soto.     Lower  Green  Sand,  Sussex,  Mant.;  Grce 

Sand,  Biackdoxvti,  Sow. 

3. Btriatula,  StM:     Green  Sand,  Blackdown,  Sow. 

— - — — ,  species  not  determinud.     Speeton  Clay,  Yorkshire,  PhiL 

1.  Corhula  gtriatiila,  Sow.     Lower  Green  Sand,  Sussex,  Mant, 

2.  Puuctum,  PhU.     Speeton  Clay,  Yorkshire,  Phil. 

3.  gigantca,  Sow.     Green  Sand,  Blackdown,  HiU. 

4.  laevigata,  Sow.    Green  Sand,  Blackdown,  HUL 

5.  -■  —  ovabs,  Nih.     Kbpinge,  Nils. 
C.  caudata,  NiU.     Kiipuige,  NiU. 

>,  species  not  determinca,  Rouen,  Pas. 

1.  CrossitcUa  latissima,  Hcen.     Maestricht,  Hcen. 

2, tumida,        .     Coustouge,  Dvfr. 

1.  Cytliere  eubdeltoidca,  Munsl.     Chalk,  Hinkcrodc;  Strchia ;   IlalJen 

Maestricht,  G.  T. 

2.  compressa,  Munst.;  Haldem,  G.  T. 

\.  Lutraria  Gurgitis,  Al.  Broug.;  Green  Snnd,  Perte  dn  Rhdne,  AL 

Kbpinge,  Mbrby,  Sweden,  NiU, 

2.  ?  carinifera,  Sow.    Chalk,  Lyme  Regis,  De  la  B.;  Rouen,  P( 

,  species  not  determined.     Speeton  Clay?    Yorkshire,  PkiL 

I.  P^moprea  plicata,  Sow.     Green  Sand,  Osterft'Id,  Hcen,;  (var.T)  Lower 

Green  Sand,  Sussex,  Mant. ;  Coustouge,  Dttfr. 

1.  Mja  mondibula,  .fort;'.    Lower  (ireen  Sund,  Sussex,  Martin;  Gault,  Isle 

of  Wight,  Fit  ton ;  Guurdon,  Dufr. ;  Rouen,  Pai, 

2.  phaseolino,  Phil.     S|)eeton  Clay,  Yorkshire,  PhiL 

— — t  Chalk,  near  Calnc,  Lons. 


*  Cjftlwrea  of  Lamtrck,  according  to  Lonsdale. 


t 
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Teredo,  species  not  determined.     Maeslricht,  Ham. 
1.  Pholss?  constricta,  Phil.    Spceton  Clay,  Yorkshire,  Phil. 
1.  Fisttilona  pyrifonui»,  Mant.     Gault,  Sussex,  Mant, 

MOLLCSCA. 

1.  Dentalium  striatum,  Sow.     Gault,  Sussex,  Mant. 

2.  = elUplicuin,  Sow.     Gault,  Sussex,  Mant.;  Ilouen,  Pm, 

3.  deciisstituin,  Sow.     Gault,  Sussex,  Mant. 

4. nitens,  //cm.     Maestricht,  Ham. 

■ ,  apeciea  not  determined.     Lower  Green  Sand,  Sussex,  Mant. 

1.  Patella  ovalis,  Nilt.     Balsberg,  Scania,  NUt. 

'  — ,  species  not  determined.     Lower  Green  Sand,  Sussex,  Mant.  ; 

^B  Lower  Green  Sand,  Wiltshire,  Lont. 

^Kl.  Emarginula  Saiictie  Calherinte,  Pae.;  Rouen,  Pa*. 

2.  pelagica,  Poi.  ;  Rouen,  Pag. 

Pileop»s,  species  not  determined.     Lower  Green  Sand,  Sussex,  Mant, 
1.  Helix  Gentii,  Sotv.     Upper  Green  Sand,  Devizes,  Gtnt. 
]>  Auricula  incra«&<ita,  Soto,    Chalk,  Su&^^ex,  Mant, ;  Greea  Sand,  Black- 

•  down,  HUl. 

2.  obsoleta,  Phil.    Speeton  Clay,  Yorkshire,  Phil. 

3.  avellana,  Mant.;  Ilouen,  Pat. 

Melania,  species  not  determined.     Speeton  Clay?    Yorkshire,  Phil. 
1.  Paludina  extcnsa,  Sow.     Green  Sand,  Blackdown,  HiU. 
1.  AmpuUaria  canaliculata.     Gault,  Sussex,  Mant.;  Houen,  Pa». 

■  2.  spirata,  Ilcen.     Maestricht,  Him. 
— — — ,  species  not  determined.     Green  Sand,  M,  de  Fis,  Al.  Brong. 
1.  NeritB  rugoan, //cm.     Maestricht, /faTi. 
I.  Natica  caurcno.  Park.     Lower  Green  Siuid,  Sussex,  Mant. 

2. spirata,        .     Green  Sand,  .\ix-la-CI)iipelle,  Han. 

,  speciss  not  determined.    Gault,  Sussex,  Munt. ;  Lower  Green 

Sand,  Wiltshire,  Lous. ;  Euv.  of  Pout  SU  Esprit,  Dufr. 


1.  Vennctus  polygonalis,  Sow.     Lower  Green  Sand,  Hythc,  Kent^  Lord 
Greenock. 

2.  umbonatus,  Mant.     Clmlk,  Sussex,  Mant. 

3.  • Sowerbii,  .Mant.     Chalk,  Sussex,  Mant, ;  Spceton  CIbjtj  York- 
shire, Phil. 

4.  concavus.  Sow.    Lower  Green  Sand,  Sussex,  Mant.;  Upper 

Green  Sand,  Wilts,  Lout. 

,  species  not  determined.     Lower  Green  Sand,  Isle  of  Wight, 

Sedg. 


Delphiaida,  species  not  determined,     Speeton  Clay,  Yorkshire,  Phil, 
1.  Solarium  tabulatum?  Pfiil.     Spceton  Oay,  Yorkshire,  Phil. 
1.  Cirrus  depressus,  Man!.     Chalk,  Sussex,  Mant, 

2. perapcctivus,  Mant.     Chalk,  Sussex,  Mant. 

3.  granulatus,  Maul.     Chalk,  Sussex,  Mant. 

4-  plicalus,  Sow.     Gault,  Sussex,  Mant. 

1.  Pleurotomarin  Rhodani,  AL  Btong.     Kouen,  Ptu. 

2.  depressfl,  Souk     Rouen,  Pas. 

3.  "—  perspectiva,  Sotv.     Chalk,  Rouen,  Pm. 

— "-—f  species  not  determined.    Maestricht,  Ham.;  Gourdon  ;  Bourg 

St.  Andrew!,  Dufr. 
Troehua  Basteroti,  Al.  Brong.  Chalk,  Sussex,  Mant,;  Kopingc,  Scania, 

NU*. ;  Rouen,  Pas. 

linearis,  Mant.    Chnlk,  Sussex,  Mant. 

RJvodani,  Al.  Bront^.   Upper  Green  Sand,  Sussex,  Mant. ,-  Green 

Sand,  Pcrtcdu  Rhfine,  AL  Bnmg. ;  Lower  Chalk,  Lyme  Regis, 

De  la  B. ;  Green  Sand,  Essen  \,  Green  Sanil,  Ostcrfcld,  Han. 
bicarinatus,  Sow.    Uppor  Green  Saad  i  Sussex,  Manl. 
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TrochuB  GurgitiB,  Al.  Brong.  Green  Sand,  Perte  du  RhAne,  Al.  Brong.; 

Green  Sand,  Bochum,  Hatn.;  Rouen,  Pa*. 
. . ?  Cirroides,  Al.  Brong.  Green  Sand,  Perte  du  Rfadae,  AL  Br 

Rouen,  Pat. 

Isevis,  Nilt.     Kopinge,  Scania,  Nib. 

onustUB,  Nilt-     Kopinge,  Scania,  Nils. 

-^^,  Bpectea  nol  determined.     Green  Sand,  M.  de  Fis,  Al.  Brong. 

Turbo  pulclierrimuB,  Bean.     Speetoii  Clay,  Yorkshire,  PhiL 

■ sulcatuB,  Nilt.     Chalk,  Kopinge,  Scania,  Nils. 

moniliferus,  Sow.     Green  Sand,  Blackdown,  Soto. 

. Ciirinatue,  Sow.     Green  Sand,  Coesfeld,  Ifoeti.;  Rouen,  Pat. 

Turritella  tercbra,  Broc,     Green  Sand,  Wedderalcben,  Ham. 

,  species  ni^t  determined.     Spceton  Clay?  Yorkshire,  Pkil. 

Ceritliium  excavatum,  Al.  Urong.     Green  Sand,  Perte  du  Rhfine, 

Bronff.;  Green  Sand,  Aix-la-Chapelle,  I/cen. 

,  spedes  not  determined.     Green  Sand,  M.  de  Fia,  Al.  Brong,!. 

Pyrula  planulata,  Nilt.     Cliolk,  Kopinge,  Scanio,  Nilt.  jm 

—  minima,  Ifoen,     Green  Sand,  Aix-la-Chapelle,  Hcetu 

Fu8ua  quadratus,  Sow.     Green  Saivd,  Blackdown,  Sow. 

Murex  Calcar,  Soto.     Green  Sand,  Dlackdown,  Sotc. 

Pteroccra  maxima,  Hveit.     Martigues,  Ham. 

IlosteUaria   Parkinsoni,  Mant.      Chulk,    Lower  Green  Sand,    Sv 

Moat.;  Green  Sand,  Bochum;  Coesfeld,  Jfaen.;   LiUebotuilv 

Pat. 

carinata,  Mant.     Gautt,  Suaaex,  Mant. ;  Rouen,  Ptu. 

—  calcarata,  Soir,     Lower  Green  Sand,  Sussex,  MmU. ;  Green 

Siuid,  BUckdown,  Sow. 
~-^—  anserina,  Nilt.    Chalk,  Kopinge,  Scania,  Nilt. 
■  iuflata,  Pat.;  Rouen,  Pat. 

^ ,  speciea  not  determined.     Lower  Green  Sand,  Isle  of  Wt| 

Sedg. 
Strombus   uapilionatus,  .     Chalk,   Maestricht,   Aix-la-QupeBe, 

Hcen. 
Cassis  avcllana,  AL  Brong.    Chalk,  Sussex,  Mant,;  Chalk,  Rouen;  M. 

de  Fis,  Al.  Brong. 
Dolium  nodosum,  Soto.     Chalk,  Sussex,  Mant. 
Ebuma,  species  not  determined.     Green  Sand,  Perte  dn  Rhfine,  AL 

Brong. ;  Chalk  {  Sussex,  Mant. 
Numinulites,  species  not  detennined.     Green  Sand,   Alps  of  Saroy, 

Dauphiny,  and  Provence,  Beaum. ;  Maritime  Alps,  Dela  B, ; 

Chulk,  Weinbohla,  Saxony,  Kliptteiu;  Cretaceous  rocks,  Soutb 

of  France ;  Pyrenees,  Dtifr. 
Lenticulites  Cnmptont,  Son:   Green  Sand,  Eorlstoke,  Wilts,  Sow, ;  Grcca 

Sand,  Scania,  Nilt. 

crjstella,  Nilt.    Chalk,  Cbarlottcnlnnd,  Sweden,  Nils. 

Lituolites  nautiluidea.  Lam.     Chalk,  Paris,  Jl.  Brong.;  Rouen,  Pat. 

difFormis,  Lam.     Chalk,  Paris,  .//.  Brong. 

MilioUtes,        .     S.  of  France;  Pyrenees, /)i//r. 
Planularia  clUptica,  Nilt.     Charlottenlund,  Sweden,  Nilt, 

an^ista,  Nilt.     Kopinge,  Scania,  Nilt, 

Nodosaria  sulcata,  Nils.     Clialk  find  Green  Sand,  Scania,  Nilt. 

lEevi|rBta,  Nilt.     Scania,  Nilt. 

Belemnites  umcronatua,  Scfilof.    Chalk,  Sussex,  Mant. ;  Chalk,  Yort 

shire,  PhiL;  Green  Sand,  Sweden,  Nilt.;  Chalk,  Meudon, 

&c.,   Af.  Brong. ;    Baculitc  limestone,    Normandy.   Detn. , 

Chalk,  Lublin,  Poland,  Putch ;  Maestricht,  Aix-la'Chapelle, 

Schht.;  Ilaldem  i   Hinkcrode,  il/««j«^;  Dieppe, /'fli. 
granulalus,  Dffr.     Chalk,  Sussex,  Maiit. 
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2. 
3. 
4. 

5, 

e, 
7. 

8. 
9. 

10. 


11. 
12. 

13. 
14. 
15. 


Belemnites  lanceoiatus  •,  Sehlot.  Chalk,  Sussex,  Mant. ;  Quedlinburg, 

Holl. 
— rainimuB,  Litter.  Gault,  Sussex,  Mant.;  Red  Qjalk,  Yorkshire, 

Fhil, 

attenuAtua,  Sou'.     Gault,  Sussex,  MotU. 

iimmillatus  f ,  Nik.     Chalk,  Scania,  Nilt. 

,  specicfl  not  determined.    Spccton  Clay,  Yorkshire,  PhU. ;  Greeo 

Sand,  Perte  du  Rhone,  Al.  Brony. 
Actinocamax  verus,  Miller.     Chalk,  Kent,  Afiiler. 
Nautilus  elegans,  Soip,   Chalk,  Sussex,  Mant.;  Chalk,  Rouen,  ^il.  Brottg. 
*  expansus,  Sow.     Chalk,  Sussex,  Mant, 

insequalis,  Sow.     Gault,  Sussex,  Mant. ;  Rouen,  Pat. 

obscurua,  Nilt.     Chalk,  Scania,  Nilt. 

■  simplex,  Sow.   Upper  Greeti  SanJ,  Warminster,  Berrett.   Lyntfl 

Regis,  De  lu  B.    Rouen,  AL  Brong. ;  Green  Sand  ?   Aix-Ia 

Chapelle,  Heen. 
Listeri,  Mant.,  Gault,  Sussex,  Mant.;  Quedlinburg,  G.  7". ; 

Green  Sand,  Hilvre,  Pas. 
midulatus.  Sow.     Upper  Green  Sand,  Nutfield,  Sow.     Green 

Sand,  Griesenbrucli,  near  Bochum,  Hven. 
,  speciss  not  determined.     Lower  Green  Sand,  Sussex,  Martin  ; 

Speeton  Clay,  Yorkshire,  Phil.;  Green  Sand,  M.  de  Fis,  At. 

Brong. ;  Baculite  limestone,  Normandy,  Desn. 
Scaphites  striatus,  Mant.    Chalk,  Sunsex,  Mant.;  Chalk,  Rouen;  Mont 

de  F'is,  Al.  Broitg. 
costatus,  Maul.     Chalk,   Sussex,    Mant.;    Chalk,   Rouen,   Al. 

Brong. 
^^-=~^  species  not  detennincd.   Baculite  limestone,  Normandy,  Dem.  ; 

Kdpinge,  Nilt. 
Ammonites  varians.  Sow.  Chalk,  Sussex,  Mant.;  Chalk,  Rouen;  M. de 

¥vH,Al.Brovg.;  Baculite  limestone,  Nonaundy,  Dettt.;  Chalk 

and  Upper  Greun  Sand,  Wiltshire,  Lout.;  Green  Sand,  Bo- 
chum, Htrtt. 

WooUgari,  Mant.     Chalk,  Sussex,  Mant. ;  Rouen,  Pat. 

navicularis,  Mant.     Chalk,  Sussex,  Mant. ;  Rouen,  Pat. 

— "  catinus,  Mant.    Chalk,  Sussex,  Mant. 

Lewesiensis,  j^/on(.  Chalk,  Sussex,  Mant.;  Chalk,  Essen,  Hasn, ; 

Rouen,  Pttx. 

■  peramphis,  Mant.     Chalk,  Sussex,  Mant. 

rustjcus,  Scjii'.     Chalk,   Lyme  Regis,  Buckl. ;  Chalk,  Sussex, 

Mant. ;  Green  Sand,  Bochum,  Ilaen. 

undatUB.  Sou-.     Chalk,  Sussex,  Maul. 

'— — —  Mantelli,  Sow.    Chalk,  Sussex,  Mant.;  Hanover,  HoU;  Green 

Sand,  Bochum  ;  Chalk,  Saumur,  Ham. 
RhotomagensisJ,  Al.  Brong,     Chalk,  Sussex,  Mant.;  Baculite 

licaestone,  Normandy,  Detn.;    Rouen,  Al.  Brong. ;  Chalk, 

Wilts,  Sow. 

Chalk,  Sussex,  Mant. 
Chalk,  Sussex,  Mant,;  Chalk,  Rouen,   AL 


—  cinctus,  Mant. 

—  falcatus,   iVant. 

Brong. 

—  curvatus,  Mant 


Chalk,  Sussex,  Mant. 
complanatuB,  Mant.     Chalk,  Sussex,  Mant. 
rostratus,   Sow.     Chalk,  Sussex,  Mant. ;   Chalk,   Oxfordshire, 
Buckl. 


*  B.  8eTnica.na]iculatus,  Blainv.  f   B.  Scaniv,  Blmnv. 

X  According  to  iiowerby,  Am.  Rhotowagentit  and  Am.  Swiitxitntit  are  the  tame 
•helL 
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16.  Ammonites  tctraitiiiuttai,  Saw.    Chalk,  Suancx,  Mant. 

17.  —.—  ptanulatiu.  Sow.     Upper  Urcen  Sand,  Sussex,  Afanl. 

18. •  Catillua,  Sow.     Upper  Green  Sand,  Sussex,  Mant. 

19.  . aplendens.  Sow,    Gault,  Sussex,  Mant.;  Green  Sand,  SC-n4fon- 

taine,  Norm.,  Pom. 

SO.  auritus,  5010.  Upper  Grp«n  Sand,  Dcvixes,  Gent. ;  Gault,  Sus- 
sex, Mant. ;  Hflvre,  Pas. 

31.  — planus,  Mant.     Gault,  Sussex,  Mant.;  Spe«toa  Clayf  Vorfc- 

sliire,  Phil. 

22.  .  kutus.  Park.     Gault,  Sussex,  Mant. 

2,3.  tuberculatus,  Sow.     Gault,  Sussex,  Mant.  • 

24.  Goodhalli,  Souk     Lower  Green  Sand,  Sussex,  Mant. ;  Gtnb 

Sand,  Blockdovm,  Goodkall;  Green  Sand,  Lyme  Kem,  Dt 
laB. 

25.  • venustus,  Ph'd.     Speeton  Clay,  Yorkshire,  Phil. 

26.  conciiinus,  Phil.     Speeton  Clay,  Yorkshire,  Phil. 

27.  Rotulu,  Sow,     Speeton  Clay,  Yorkshire,  Phil, 

28.  trisulcoeus,  Phil.     Speeton  Clay,  Yorkshire,  Phil, 

29.  —  marginatns,  PhU,     Sjjctton  Clay,  Yorkshire,  PhiL 

30.  — parvus,  Sow,     Speeton  Clay-  Yorkshire,  Phil. 

31.  —  nystrix,  Phil.     Speeton  Clay,  Yorkshire,  Phil. 

32.  fissicosutus,  Phil.     Speeton  Clay,  Yorkshire,  Phil, 

33.  curvinodus,  PhU.     Sf>eeton  Clay,  Yorkshire,  Phil. 

34.  —  inflatus,  Sow.     Green  Sand,  I.  of  Wight,  Jiuckt.;  Green  Sand, 

Perte  du  Rhfme;   Rouen;  Hd\Te;  M.  de  Fia,  AL  Bro^.i 
Upper  Green  Sand,  Wilts,  Lorn. 

35.  ^ Deluci,  Al.  lirong.     Green  Sand,  Perte  du  Rhdna;  M.  de  Fis, 

Al.  Brong.;  Puits  da  Meulers,  Norm.,  Pat. 

36.  — Bubcristatus,  De  Luc       Green    Sand,   Perte    du  Rhdne,  Al. 

Brong. 

37.  Beudanti*,  Al.  Brong.    Green  Sand,  Perte  du  Rhdne ;  M.  de 

Fis,  Al.  Brortg. 

3S. clavatus,  De  Luc.   Green  Sand,  M.  de  Fis,  Al.  Brong.;  Rouen, 

Pat. 

39.  Selliguinus,  Al.  Brong,     Green  Sand,  M.  de  Fis,  Al,  Brong. ; 

Chalk,  Lublin,  Poland,  Putch;  Chalk,  Essen,  //ant.;  Gaull, 
Sussex,  Mant.;  Koucii,  Pa*. 

40.  Gentoni,  Defr.    BucuUte  Limestone,  Normandy,  Dtnt.;  Ganh, 

Sussex,  Manl. ;  Chalk,  Rouen,  AL  Brong. 

41.  constrietus,  .yoto.  Baeulite  Limestone,  Normandy,  i>eMi.,*ChaIk, 

Lublin,  Poland,  Putch. 

42.  Stobapi,  Nils.     Chalk,  Scania,  Nil*. 

43.  voricosuB,  Sow.     Green  Sand,  lihickdown.  Sow. 

44.  Hippocastanum,  Sow.     Chalk  with  quartz  fi;rains,  Lyme  Regis, 

he  la  B. ;  Green  Marl,  Puita  de  Meuletv,  Norm.,  Pat. 

45.  _ Benettianus,  Sow.     Gault,  Warminster,  Ao»»*. 

46.  denarius,  Sow.     Green  Sand,  Blatkdown,  GoodhalL 

47.  — . — —  Nutfieldiensis,  Sotc.     Chalk,  near  Calne,  Lont, 

48.  virgatus,  Gold/.,  G.  S.  Moskau,  G.  T. 

49.  Coupei,  Al.  Brong ;  Rouen,  Pa*. 

50.  caiiteriatus,  Al.  Brong. ;  Roueu,  Pat. 

1.  Turrilitcs  eostatus,  Sote.    Chalk,  Sussex,  Mant.;  Chalk,  Rouen*  HAvre, 

AL  Brong. ;  Chalk,  near  Calne,  Lont. 

2.  — umiulatua,  Sow.     Chalk,  Sussex,  Mant.;  Rouen,  Pat. 

3.  tuberculatus,  Sow.     Chalk,  Sussex,  Mant. 

*  According  to  Sowerby,  Am.  Beudanti,  Am,  StUigninut,  and  ./««,  I^nigutui  *n 
the  tame  shell. 


,•  Chalk,  Oxfordshire, 
Specton  Clay?  York- 
r  Speeton  Qay,  York- 
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Turrilites  Bcrgcri,  jll.  JJrotig.;  Oreen  Sand,  Perte  da  Rhdne;  M.  de 

Fis,  Al.  Brong. 
6.  —  ?  Babeli,  Al.  Brong.   Green  Sand,  M.  de  Fis,  Al.  Brong.;  Rouenj 

Ptu. 

6.  Bcutufl,  P<u. ;  Rouen,  P<u, 

,  qiecies  not  detennined.     Green  Sand,  Maritime  Alps,  Riuo. 

1.  Bocnilitea  Faujaati,  Lam.    Chalk,  Sussex,  Mant.;  Ctialk,  Nurfolk,  Itoie ; 

Maestrieht,  Dtsm. ;  Chalk,  Sweden,  Nil*. ;  Bochiun,  Aix-Ia- 

Chapelle,  Ifccn. 
2-  obliquatus,  Sow.    Chalk,  Sussex,  Mant. ;  Scania,  NiU. ;  Rouen, 

Pas. 

3.  vertebralts,  Dffr.     Chalk,  Maestrieht,  Fauj.  de  St.  Fond;  Ba- 

culite  Limestone,  Normandy,  Deem. 

4.  ancL'ps,  Lam.    Chalk,  Scania,  Nils. 

5.  — " triangularis,  Deitn.     Maestrieht,  Detm. 

1.  Uainitca  armatus.  Sow.     Chalk,  Sussex,  Mant. 

Buck!.;  Rouen,  Pas. 

2.  plicatilis,  Mant.     Chalk,  Sussex,  Mant, 

shire,  Phil.;  Rouen,  Pas. 

3.  altcrnatus,  Manl.    Chalk,  Sussex,  Mant. 

shire,  Phii. 

4. .  cUipticus,  Maid.    Chalk,  Sussex,  Mant.;  Baculite  Limestone? 

Normandy,  Desn. 

5.  nttenuatiis,  Soir.    Chalk,  Gault,  Sussex,  Mant.;  Speeton  Clay, 

Yorkshire,  Phil. ;  Rouen,  Pas. 

6.  maximiis,  Smo.     Gault,  Sussex,  Mant.;  Speeton  Clay,  York- 

shire, Phil. 

7.  ——  intermedius.  Sow.    Gault,  Sussex,  Mant. ;  Specton  Clay,  York- 

shire, PhiL;  Green  Sand,  Aix-la-Chapellc,  Jimn. ;  Rouen, 
Pas. 

8.  tenuis,  Sote.     Gault,  Sussex,  Mant.;  Rouen,  Pas. 

9.  ■ rotuodus,  Sow.  Gault,  Sussex,  Mant.;  Speeton  Clay,  Yorkshire, 

PhiL;  Green  Sand,  Perte  du  Rhone,   AL  Brottg.;   Green 
Sand,  Aix-la-Chapelle,  Hcen. ;  Rouen,  Pas. 

10.  compressua,  Sow.     Gault,  Sussex,  Mant. ;  Green  Sand,  Nice, 

Bitso, 

11.  raricoslatus,  Phil.     Speeton  Clay,  Yorkshire,  Phil. 

12-  Beanii,  Y.  Sf  B.     Speeton  Clay,  Yorkshire,  Phil. 

13.  Phillipsii,  Bean.     Speeton  Clay,  Yorkshire,  Phil. 

14. funatus,  A  I.  Bron^.    Green  Sand,  Perte  du  Rhflne;  M.  de  Fig, 

Al.  Brong. ;  Ruuen,  Pas. 
16.  ^^^—  canteriatus,  Al.  Brong,     Green   Sand,  Perte  de  Rhflne,   AL 

Brong. 

16. vireulatus,  AL  Brong.     Green  Sand,  M,  de  Fis,  AL  Brong. 

17.  cylmdricus,  Defr.     Baculite  Limestone,  Normandy,  Detn. 

18* spiniiloius,  Sotc.     Green  Sand,  Blnckilown,  MiHrr. 

19.  gr&iidis,  Sow.     Lower  Green  Sand,  Kent,  Buckt. 

20.  Gtgas,  Sow.     Lower  Green  Sand,  Hythe,  Kent,  G.  E.  SmilA. 

21.  tpiniger.  Sow.     Gauk,  Folkestone,  G'tbbt. 

Crustacea. 

1.  Astacus  Leachii,  Mant.     Chalk,  Sussex,  Mant, 

2.  Susaexiensis,  Mant.     Chalk,  Sussex,  Manl. 

3.  ornatus,  Phil.     Speeton  Clay,  Yorkshire.  Phil. 

4. longintanus.  Sow.     Green  Sand,  Lyme  Regis,  De  la  B, 

,  species  not  determined.     Gault,  Sussex,  Mant, 

1.  Pagurus  Faujasii,  Dvsm.    Chalk?  Sussex,  Mant.;  Maestrieht. 
1.  Scyllarus  Mantelli,  Devii.    Chalk,  Sussex,  Mant. 
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] .  Orythia  Labechii,  Detl. ;  Green  Sand,  Calvados,  Detl. 
Eryon,  species  not  detennined.     Chalk,  Siusex,  Mant. 
Arcania,  species  not  determined.     Gault,  Sussex,  Mant. 
Etyceo,  species  not  detemitned.     Gault,  Sussex,  Mant. 
Coryster,  species  not  deterDiiiiod.     Gault,  Sitascx,  Afant. 

Pisces. 

1.  Squalus  Mustelus?   Chalk,  Sussex,  Maul. 

2. Galeus?   Chalk,  Sussex,  Mant. 

3.  pristodontcs,  Broun.     Aix-la-Cl»apelle,  G.  T. 

1.  Muripna,  Lewesieiisis,  Mant.     Chalk,  Sussex.  Mant. 
1.  Zeus  Lewesieiisis,  Manl.     Chalk,  Sussex,  Mant. 
1.  Salmof  Lewesiensis,  Marii.     Chalk,  Sussex,  J\fant. 
1.  Esox  Lewesiensis,  Manl.     Chalk,  Sussex,  Mant. 
1.  Amia?  Lewesiensis,  Mant.     Chalk,  Sussex,  Mant. 

Fish,  genera  not  detennined.  Speetoii  Cluy,  Yorkshire,  PhU. ;  Chalk, 
Paris,  AL  lirong.;  Chalk,  Lyme  Kegis,  De  la  B. ;  Upper 
Green  Sand,  Wilis,  Lons.  Gault,  Isle  of  Wight,  FiHun ; 
Chalk,  Troyes,  Clement-Mullet. 

teeth  and  palates;  common  in  Enplaudand  France,  var.  atUhon; 

Bochum;  Aix-la-Chapelle, //ten. ;  Scania,  A'lils. 

REPTrLlA. 

Mososaunis  (tofTmanni,  Maestricht,  Favj.  de  St.  Fond ;  Chalk,  Sussex, 

Mant. 
Crocodile  of  Meudon,  Cuv.  ;  Chalk,  Meudon,  Al.  Brong. 
Reptiles,  genera  not  detennined.     Speeton  Clay,  Yorkshire,  PhiL 
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Plant.e. 

Sphcnoptcris  Mantelli,  Ad.  Brong.     Hastings  Sands,  Sussex,  Mant. 
Loncliopteris  Mantelli,  Ad.  Brong.     Hastings  Sands,  Sussex,  Mant. 
Lyfopodites?  species  not  dptermined.     Hiisiinga  Sands,  Sussex,  Manl. 
Ciatharia  Lyellii,  Mant.     Hustings  Sands,  Sussex,  Mant. 
Carpolithus  Mantelli,  Ad.  Brong.     Hastings  Sands,  Sussex,  AfatU. 
Lignite,  aii<I  uudescribed  vegetables.     Hastings  Sands,  Sussex,  Mant., 

CojTCHIFEaA   AND  MoLLUSCA. 

Corbula,  species  not  determined.     Pounceford,  Fitton. 

Tellina,  species  not  determined.     Pouncetlird,  FUlon. 

Mytilus,  species  not  determined.     Pounceford,  Fitton, 

Ostreu,  species  not  determined.     Weald  Clay,    Isle  of  Wight,  S<dg. ; 

Purbeck  Buds,  near  Weymouth,  Buckl.  and  Z)e  la  B. 
Cyclas  meinbranacea,  Sutv.     Weald  Clay,  Hustings  Sands,  Ashbumham 

Beds,  Sussex,  Mant.;  Weald  Clay!  Swanage  Bay,  Fittun. 
media.  Sow.     Weald  ClJiy,   Hustings  Sands,  Ashbumhani  Bei 

Sussex,  Mant.;  Weald  Clay,   isle  of  Wight,  Swanage  Bay]' 

Hastings  Sunds,  Isle  of  Wight;  Sussex, /'i/Zon. 
species  not  determined.     Weald  Clay,  Isle  of  Wight ;  Swanage 

Bay,  Fitton. 
Unio  porrectusj  Sow.     Hastings  Sands,  Sussex,  Mant. 

compressuit,  Sow.     Hastings  Sands,  Sussex,  Mant. 

——  antiquus,  Sow.  HastingH  Sunds,  Aahburnbom  Beds,  Sussex,  Mi 

aduncus,  Sow.     Hastings  Sands,  Sussex,  Mant. 

cordifonnis,  Sow.     Hastings  Sands,  Sussex,  Mant. 

Bulla,  sinall  species.    Tilgate  beds,  fitton. 
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fplanopsis,  species  not  detennined.     Pounceford,  Filton. 
Paludiiiu  vivijiara,  Lnni.     Weald  (.'lay,   llasliiiofn  Saiidfi,  A«ildjuinhum 

Bcd:i,  Sussex,  Maul. ;  Purbeck  Bedn,  Purbefk.,  Cnuyh. 
elongBtn,  Sow.      Weald  Clay,  tlaslin^s   Sands,  Ashbumhara 

Beds,  Sussex,  ManL;  Weald  Clay,  Isle  of  Wight;  Swanage 

Bay,  Fitlon. 

3.  cariniferu,  How.     W'eald  Clu}',  Sussex,  Mant. 

4.  ■    ■ ..  ^.  SuBsexicnsis,        .     Wt-alden  rocks,  Fitlon. 
Potarmdes,  species  not  detcnxiined.     Weald  Clay,  Sussex,  Mant. 
Neritina,  species  not  determined.     Tilgate  BwIr,  Filtou. 

Pjsces, 

Lepisosteus,  speciea  not  determined.     liastings  Sands,  Sussex,  Mant. 
Silunis,  species  not  detennincd.     Haiitin^s  Sands,  Sussex,  Mant. 
Remains  of  Fisli,  genera  not  detennincd.     WeuUl  Clay,  A»hburn!iam 

Beds,  Sussex,  Maul. ;   Purbeck  Beds,  Purbeck,  De  la  B. ; 

Hii!4tiiig's  .S.inds,  Isle  of  Wight,  FUtcn. 

Crustacea. 

I.  Cypris  faba,  Detm.     Weald  Clay,  Isle  of  Wiglit;  Swanage  Bay,  &c. 
Fitlon;  Weald  Clay,  Hastings  Sands,  Sussex,  Mant. 

Reptu.ia. 

1.  Crocodittia  prisons,  .     Ha-stings  San<ls,  Sussex,  Mant. 

—    - — ,  Bpecie.<;  not  determined.     Ashbiirnham  Beds,  Sus.sex,  Mant.  ; 
Purbeck  Beds,  Purbeck,  Conyb. ;  Weald  Clay,  Swanage  Buy, 

FittOH. 

1.  Imiauodon  Mantelli,  >'.  Meyr.     Hastings  Sands,  Sussex,  Mant. 

Megalosuunis  ■ .     Htiatings  Sands,   Ashburnhsni  Beds,  Sussex, 

Mant. 

HyliEosaunis .      Hastini'B  Sands,  Sussex,  ManL 

Reptiles  of  the  genera  TrionyXjEtnys,  Chelonia,  Plesiosaums,  and  Ptero- 

dactylui?  Hastings  Sands,  Sussex,  Mant. 
Tortoise,  Purbeck  Beds,  Purbeck,  Cnnyb.* 


Organic  Remains  of  the  Oolitic  Group. 
Plants. 

1,   Fucoides  furcatus,  .itl.  lirong.     Stonesfield  slate,  ^'Id.  Brong. 


Stockit,  Jd.  Brong.      Solcnhofen,  --/nf.  Brotiff. 
encclioides,  .id.  Btong.     Solenhofeii,  Ad.  Biong. 


Efjuiictaceep. 

1.  Fyquisctum  columiiare,  //rf.  Brong.     Lower  carbonaceous  series,  York- 
shire, Phil.;  Brora,  Murcfi, 

/i/icM. 

1.  PacliypteriB  lanceolata.  Ad.  Brong.     Coal,  shale,  &c.  between  inferior 

and  great  oolite,  Yorkshire,  P/iiL 

2.  ovata,  Jd.  Bri/ng.     Coal,  shale,  Src.  between  inferior  and  great 

oolite,  Yorkshire,  Phil. 
1.  Pecopteris  Reglei,  Ad.  Brong.     Forest  marble,  Mamers,  Detn. 

"  la  this  list,  the  »afi<L,  sttod*toue%  and  clays,  grouped  by  Mr.  Muntrll  •inder 
me  head  of  Titgate  Berts,  are  (fivcii  m  Hastings  Sands,  although  iliis  arrnnK«in«iit 
tbay  perhipi  clash  with  one  or  (no  Wal  divistons. 
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Pecoptcris  Desnoyersii,  Ad,  Brong.     Forest  mnrble,  Mamera,  Daa. 
polj'podioidfs,  Ad.  Brong,     ConI,  shale,  &c.  between  combmll 

and  great  oolite,  Yorkshire,  PhU. 
denticulata,  Ad.  Brong.     C'onl,  shale,  Src.  between  oombnuk 

and  great  oolite,  Yorksliire,  Phil. 
Phillipsii,  Ad.  Brong.     Coal,  &c.  of  the  oolitic  aeries,  Yorkthin^ 

Ad.  Brojig. 
• Whitbiensii,  Ad.  Brong.     Coal,  shale,  &c.  between  corabnii 

and  great  oolite,  Yorksliire,  Phil. 
Sphfl?nopti-rit3  liynieiiophylloide8,  Ad.  Brong.     Stoneaficld  slate,  BurU; 

Coal,  shale,  Arc.  between  great  and  inferior  oolite,  Y'orluhirv, 

Phil. 

^?  mncrophyllo,  Ad.  Brong.     Stonesfield  slote,  BuckL 

Wiliianiaonit!,  Ad.  Brong,     Coal,  fi:c.  of  the  oolitk  aerie%  Yolk- 

shire,  Ad.  Brong, 
—  crenulatn,  Ad.  Brottg.     Coal,  &c.  of  the  oolitic  series,  Yorbhitt, 

Ad.  Brong. 
denticulata,  Ad.  Brong.     Coal,  &c.  of  tlie  oolitic  aerica,  York- 
shire, Ad.  Brong. 
Tienjopteris  latifolia,  Ad.  Brong,     Coal,  shale,  fire,  between  conbruh 

and  great  oolite,  Yorkshire,  Phil. 
— . — ^  vittata,  Ad.  Brong.     Coal,  shale,   Sec  between  conibnuh  and 

great  oolite,  Yorkshire,  Phil. 
Cyclopteris  Beanii,  L.  &  //.    Coal,  shale,  &c.  of  the  oolitic  aeries,  York- 
shire, WiUiamxon. 
— ~  digicata,  L.  &  H.     Sandstone,  near  Scarborough,   Gtti.  Sec 

Mut. 
Glossopteris  Phillipsii,  Ad,  Brong.     Shale,  near  Scarborough,  Bean, 
Neuropteris  recentiur,  L,  &  //.     Gristhorpe,  Scarborough,  Bean. 
ligata,  L.  &  H,     Gristhorpe,  Scorbonjugh,  Bean. 

Lycopodiacea. 

LycopoJltes  falcatus,  L.  St  H.    Clougton,  Yorksliire,  Bean. 

Cgcadeee. 

Pterophylliim  Williiimsonis.     Coal,  shale,  &c.  between  combruh  and 

great  oolite,  Yorkshire,  Phil, 

coniptum,  /<.  &  //.     Gristhorpe,  Scarborough,  Beam. 

—  miims,  L.  &  H.     Near  Scarborough,  A/ns,  Geol.  Soc 

Nilsijuii,  /,.  iV  //.     Near  Scarborough,  Bean. 

Zamin  pectinato,  Ad.  Brong.     Stonesfield  slate,  Biickl. 

patens.  Ad.  Brong.     Stonesfield  slate,  Ad.  Brong. 

longifolia,  Ad.  Brong.     Coal,   shale,  &c.  between  combrash  and 

great  oolite,  Yorkshire,  Phil. 
pciinsefbrinis,  .id,  Brong.     Coal,  shale,  &c.  between  great  oad 

inferior  oolite,  Yorkshire,  Phil, 
elcgans,  Ad.  Brong.     Coal,  shale,  &c.  between  great  and  inferior 

oolite,  Yorkshire,  Phil. 
Goldiici,  .Id.  Brutig.     Coal,  &c.  of  the  oolitic  series,   Yorkshire, 

Ad.  Brong. 
■  acuta.  Ad,  Bnwg.     Cool,  &c.  of  the  oolitic  series,  Yorkshire,  Ad. 

Brong. 
Iseris,  Ad.  Brong.     Coal,  &c-  of  the  oolitic  series,  Yorkshire,  Ai, 

Brong. 
Youngii,  Ad.  Brong.     Conl,  sliale,  &c.  between  great  and  inferior 

oolite,  Yorkshire,  Phil. 
Feneonis,  Ad.  Brong.     Coal,  &c.  of  the  oolitic  serieo,  York&hiK, 

Ad.  Brong. 
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1 1 .  ZatniB  Mantclli,  /id.  /hong.   Coal,  ahslp,  &c.  between  great  ond  inferior 
ooliti*,  Yorkshire,  P/iil. 

1.  Zaniites  Bwhii,  jid,  Brofit/.     Forest  marble,   Mainer8,  Detn. ;   Lias, 

Lyme  ilegjss  Dc  la  li. 

2.  Bncklandii,  Ad.  Brong.     Forest  marble,  Mamera,  Detn. ;  Liaa, 

Lyme  Kegis,  De  ta  B. 

• —  Lagutift,  Ad.  Brong.     Forest  marble,  Mamere,  Dc*n. 

• ^  liastata,  Ad,  Brong.     Forest  marble,  Mamers,  Detn. 

Cunifefce. 

Thuytes  divaricata,  SUrnh.   Stonesfield  slate,  Buckl. ;  Solenhofen,  G.  T, 

2.  • — ^-^  expanfia,  Sternb.     Stonesfield  slate,  Ritckl. 

3.  Bcutifolia,  Ad.  Brong.     Stonesfield  slate,  Buckl. 

4.  cupressiformis,  SUmb.     Stonestk-ld  slate,  Buekl. 

1.  Taidte.s  podoearpoidea,  Ad.  Brong.     Stonesfield  state,  Buckl. 

Lilia. 
1.  Bucklandia  sqnamoRa,  Ad-  Brong.     Stonesfield,  Buckl. 

Class  uncertain. 

Mamillaria  Desnoycrsii,  Ad.  Brong.     Maniers,  Detn. 
Many  undescribed  vegetables.     Lias,  Lyme  Regis,  De  la  B. 

ZoornvTA. 

1.  Achillevun  dnbium.  Gold/.     Soletiliofeti,  Gold/. 

2.  cheirotomun,  Goldf.    Oolitic  rock.%  Buireuth,  Afuiut. 

3.  inuricatum,  Gold/.     Streitberg,  Muutt. 

4.  tuberosum,  Mrititt.     Hatthehn,  Muntl. 

5.  ' ^  canccUatiim,  Hfuml.     Hattlieini,  Muntl. 

6.  — — —  costatum,  Mitmt.    Strcitberg,  Muntt. 

1.  Manon  Peziza,  Gold/,     Streitberg;  Hattbeim;  Giengen  ;  Regensbcrg, 

Gold/. 

2.  marginatum,  Muntt.     Streitberg :  Mugirendorf,  Muntt. 

3.  •  impressuin,  Mumt.     Muggentiorf,  Muntt. 

1.  Scypbia  cylindrica,  Gold/.     Muggendorf,  Muntt. 

2. elegans,  Gold/.     Thumaii;  Uaireiith,  Gold/. 

3.  calopora,  Gold/.    Tburnau;  Baireutli,  Gold/. 

4.  pertusa.  Gold/.     Streitbcrg  |  Uaireuth,  Gold/. 

5.  • — -• textiurata,  Gold/,     (.iiengen,  Wurtembcrg,  Gold/. 

6.  texata,    Gold/.      Legerberg,   Switzerland;    Streitberg,    Gold/. 

Calc.  Grit,  JJernese  Jura,  Tliur, 

7.  '  polyomniata,  GoUl/     Baireutli  &  Switzerland,  Gold/. 

8.  clathrata.  Gold/.     Streitberg;  Baireutb,  Gold/. 
9. milleporata,  Gold/.     Bnireuth,  Gold/, 

10.  —  paralleln,  Gald/.     Streitberg,  Munxf. 

11.  — — psilopora,  Gold/.     Miiggennorf,  Gold/. 

12.  ^ obliqua.  Gold/,     Muggendorf,  Muntl.;  Oxford  Clay,  Bemeie 

Jura,  Thur. 
lis.  '  rugoaa.  Gold/.     Strekbcrg,  Muntt. 

14.  articulata.  Gold/.     Muggendorf,  Gold/. 

15.  pyriftimus,  Gold/.     Streitberg,  Muntt. 

16. ratliciformjs,  Gold/.     Streitberg,  Gold/. 

1 7.  punctata,  Gold/.     Streitberg,  Muntl, 

18.  — ^ — retkulaui.  Gold/.     Streitberg,  Gold/, 

19.  dictyota,  Gold/.     Streitberg,  Muiut. 

20.  -^ procunibens,  (told/.     Baireutb,  Gold/. 

21.  — ^ paradoxa,  Muntl.     Streitberg  &  Amberg,  Muntt. 

22.  empleura,  Muntt,     Streitberg,  Muntt. 

2  M  2 


M 


S3?  Organic  Remains  of  the  Oolitic  Group. 

Scypliia  striata,  Mutut.     Streitberg  &  Muggendarf,  Aftnttt. 

—  Buchii,  Mun$t.     Streitberg,  Mwitt. 

Munsteri,  Gold/.     Regenaberg ;  Streitberg.  Goldf. 

propinqua,  Mumt,     Streitberg ;   Muggendorf,  muntU 

cancellata,  Afww/,     Streitberg;  Muggendorf,  J/uiu<. 

decorata,  Mun$U     Muggendorf,  Muntt. 

Humboldtii,  Muntt.     Muggendorf,  Afuntt. 

Slcrnbergii,  Muimt.     Streitberg,  Mutut. 

• Sclilotheimii,  Mun*t.     Thumau ;  Streitberg,  Muntt. 

Schweiggeri,  Goldf.     Bojreuth,  Goldf. 

secunda,  Munst.    Heiligenstadt;  Streitberg,  Muntt. ;  C«]c.  Grit, 

Bernese  Jura,  TItur. 

verriicoiia,  Goldf.     Streitberg  &  Wurgau,  Goldf- 

Bronnii,  Munst.     Wuttemberg &  Baireuth,  Muntt.;  Ctie.  Gril, 

Bernese  Jura,  TAur. 

milleporacea,  Munst.     Thumau ;  Aufsees ;  Streitberg,  Mutut. 

perttisa,  Goldf.     Streitberg  &  Ainberg,  Goldf. 

intermedia,  Munst.     Hattherm  ;  Streitberg,  Muntt. 

Neesii,  Goldf.     Streitberg,  Goldf. 

turbinaUi.  Goldf.     Streitberg,  Goldf. 

tenuistriata,  Goldf.     Streitberg,  Goldf. 

Tragus  pezizoides,  Goldf.     Muggendorf,  Goldf. 

• Palella,  Goldf.     Wurtemborg  &  Switzerland ;  Rabenstein ;  H«tU- 

genstadt,  Goldf. 

sphserioides,  Goldf.     Sigmaringen,  Wurteraberg,  Goldf. 

tuberosum*,  Goldf.  Inferior  Oolite,  Rabenstein:  Streitberg,  iVuarf. 

acetabulum,  Goldf.     Streitberg ;   Kanden,  Goldf. 

radiatum,  Muntt.     Streitberg,  Muntt. 

rugosum,  Muntt.     Streitberg,  Munit. 

reticulatum,  Munst.     Streitberg,  Muntt. 

vemicosum,  Munst.     Streitberg,  Muntt. 

Spongia  floriceps,  Phil.     Coral  Oolite,  Yorksbire,  PhU. 

clavaroidep.  Lam.     Great  Oolite,  Wiltshire,  Lont. 

, species  not  determined.  Lower  Calcareous  Grit,  Yorkshire,  Pktl.; 

Inferior  Onlite,  Middle  and  South  of  England,  Conyb.;  Fo- 
rest Marble,  Wiltshire,  Lons. 

Alcyoniutn,  species  not  determined.  Forest  Marble,  Normandy,  Z>fCw. . 
Great  Oolite !  Wilts,  Lons. 

Cnemidium  lamellosuni,  Goldf.     Rauden,  S^vitzerland,  Goldf. 

stellatum,  Goldf.     Randen,  Switzerland,  Goldf. 

striato-punctatuin,  Goldf.     Kanden,  Goldf. 

rimulosum,  Goldf.     Randen,  Goldf. 

— — = —  mamTnillare,  Goldf.     Streitberg,  Goldf. 

Rotula,  Goldf.     Thumau,  Goldf. 

granulosuin,  Munst.     Streitberg,  Muntt. 

astrophonim,  Munst.     JInttheim  ;   Regenaberg.  Muntt. 

— ^—  capitatiim,  Munst,     Amberg,  Muntt. 

Limnorea  inaniniillaris  f,  Lam'.     Forest  Marble,  Nonn&ndy,  De  Cat. 

Siphonia  pyrifomiis,  Goldf.     Streitberg,  Goldf. 

Afyrmecium  heniispbfEricum,  Goldf.     'I'humau,  Goldf. 

Gorgonia  dubia,  Goldf.     Gliicksbrunn ;  Tliuringia,  Goldf 

Millepora  dumetosa.  Lam*.     Forest  Marble,  Normandy,  De  Cmv. 

corymbosa.  Lams.     Forest  Marble,  Normandy,  De  Cau. 

conifera,  Lam*.     Forest  Marble,  Normandy,  De  Cait, 


•  Limnoren  lamrllmia  of  Latnouraux  according  to  M.  Goid^isc 
t  Is  tliw  Limnnrfit  mnmivillotn,  Lam,  ?     If  it  l»e,  it  is  the  Cntmidimm  i 
of  Goldfiut. 
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Millepora  pyrifonnis,  Lam''.     Forest  Marble,  Nonnundy,  De  Cau. 

luacrocaule.  Lam'.     Forest  Marble,  Normandy,  lie  Cau. 

stnuoinea,  Fh'd.    Great  Ooli(f  and  Ck»rnbrasfa,  Yorkshire,  Phil. 

,  species  not  dctenniiicd.     Cornbrajili  and  Forest  Marble,  North 

of  France,  BobL;  Forest  Marble,  Mamers,  Normandy,  Z>«>i.; 

Forest  Marble  und  Great  Oolite,  WiUahire,  Lont. 
Madrepora  timbata,  Goliff,     Heidenheim,  G.  T. 
CeUepora  orbiculato,  Goltif,    Streitberg,  Muntt. ;  Oxford  Clay,  Haut* 

Saone,  Thir, 

echinata,  Gold/.     Inferior  Oolite,  Haute  Saone,  TAir. 

,  species  not  deiercain*d.  Inferior  Oolite,  Midland  and  Southein 

England,  Conyb. 

Retepora  ? — — .     Great  Oolite,  Yorkshire,  Phil. 

Flustra,  species  not  determined.     Great  Oolite,  Wiltshire,  Loru. 
Ceriopora  radicilbrmis,  Gold/.    Thumau,  Baireuth,  Goldf. 

striata,  Gaidf.     Streitberg  ;  Thumau,  Munsl. 

angulosa.  Gold/.     Thurnau,  Muutt. 

alata,  Goldf.    Thumau,  Mumt. 

~ •  crispa,  Goldf.    Thumau,  Munst. 

favosa,  Gold/.     Streitberg  ;  Tiiiirnau,  Mun»l. 

radiatn,  Goldf.     Thumau,  Munst. 

- — - — -  compreB«a,  Munst.     Tliurnau,  Munst. 

orbicidatR,  Gold/.     Inferior  Oolite,  Hmite  Saone,  T/tir. ;  Ctic. 

Grit,  Inferior  Oolite,  llL-rneae  Jura,  Thar. 
Agaricia  rolata,  Goldf.     Randenberg,  Switzerland,  Gold/ 
-* — —  crasiia,  Gvldf.     Han  den,  Switzerlnnd,  Gold/. 

granulata,  71/urt«^.     Bale;  Hattheim,  jl/ttn*/, 

Lithodeudron  tleguna,  Munst.     VVurtetiiberg,  MuntL 

—  compressuin,  Mtnist.     lleiclpuheini,  Wurteinberg,  Muntt. 

— =— — -  Raaracum,  Tlmr.     Coral  Kng,  Bernese  Jura,  T/iur. 
Caryophyllia  cyliiidricu,  PltU.     Coralline  Oolite,  Yorks.,  Phil. 

tnincata,  Lam*.     Forest  Marble,  Norinandvi  De  Cau, 

^—  Bfebissonii,  Lam*.     Forest  Marble,  Normandy,  De  Can. 

convcxa,  PAU.     Inferior  Oolite,  Yorkshire,  Phil. 

like  C.  cespitosa,  Ellis.      Coral  Oolite,  Yorks.,  Phil. ;   Great 

Oolite,  Mid.  and  S.  of  England,  Cortf/b. 
. like  C.  flesiiostt,  Ellis.     Coral  Oolite,  Yorkshire,  Phil.;   Great 

Oiilite,  Midland  and  Southern  England,  Cuuyb. 
approaching  C.  Carduii^,  Park.    Coral  Kag,  Great  Oolite,  Mid- 
dle and  South  of  England,  Conyb. 
• ,  species  not  detcmiined.  Inferior  Oolite,  Nortli  of  France,  Bobl. ; 

Rochelle  Beds,  Du/r. ;  Forest  Marble,  Mamers,  Normandy, 

Drsti. ;    Forest  Marble,  Bradford  Clay,  and  Giesl  Oolite, 

Wiltshire,  Lojtt. 
Anthnphylluni  turbinatum,  Mumt.     Hattheim;  Heideiiheim,  Mumt. 
obcouicuin,  Munst.     Hattheim^    Ileidenheim,  Mtinal. ;   Calc. 

Grit,  Bernese  Jura,  T/iiir. 

decipiens,  GoUlf.     Alsace,  Gold/. 

Fungia  orbiculitcs,  Lam  .    Forest  Marble,  Normandy,  De  Caw. ;  Com- 

braah,  Wiltshire,  Latu. 

lipvis,  Gold/.     C.'dc.  Grit,  lierncse  Jura,  Thur. 

,  species  not  determined.     Inferior  Oolite,  Midland  and  Southern 

Enghind,  Conijb. 
Turbinolia  dispar,  Phil.     Coral  Oolite,  Yorkshire,  Phil. 

dydymu.  Gold/.     Coral  Ra^if,  Benicse  .Fura,  Thur. 

— ,  {.pecics  not  detennined.     Inferior  Oolite  and  Lias,  North  of 

France,  BobL 
Turbinolojisis  ochraceaj  Lam*,    Forest  Marble,  Normandy,  i>e  Cuu. 
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Cyatliopliyllum  Titilinnabuluin,  Goidf.     Banz ;  StnfTelstein  ;  Baahefg, 

Gohff. 

Mactra,  Golilf.     Ranz  ;  Bamberg,  GoJdf. 

qtmdrigciniiium,  Galtif.     ('oral  Kag,  Bernese  Jura,  Thur, 

ceratites,  GolJf.     Culc.  Grit,  Bernese  Jura,  Thur. 

plieatuin,  GoUj.     Calc.  Grit,  Bcmcse  Jurw,  Thtir. 

vermiculnre,  Gold/.     Calc.  Grit,  Bt^rnese  Jura,  Thur. 

Meancbiaa  Soemmeringii,  ;)/u»4^     Matihcim;  Heidcniiuim,  ^l/ll»i^ 
— (latroidr-s  GoUlf.     Coral  Hag,   Haute  Saone,   Thir.  ;  Giengen. 

GMf. 
tenella.   Gold/.     GieDgcn,   Goldf.  ;  Coral  Rag,  Bernese  Jnr«, 

Thur. 

magna,  Thur.    Coral  Ilog,  Bemcsc  Jura,  TUur. 

foliacea,  Thur.     Coral  Kag,  Beniese  Jura,  Thur. 

- — - — -f  species  not  determined.      Inferior  Oolite  and  Cora]  Oolite, 

Yorks.,  Phil.;  Infurior  Oulite?  Midi,  and  Southern  EDgland, 

CoHi/b.;  Kimmeridge  Clay,  Haute  Suouc,  Thtr.;  Ciruat  Oolite, 

Wilt*,  iMtu. 
.\strea  Microconos,  Gahlf.     Biberbach,  near  MuggcndorT,  GttUlf, 

■'—  limbata,  Goldf.     Giengen,  Goldf. 

concinna,  Goldf,     Giengen,  Goldf. 

penlagonalis,  Munst.     Hattheim;  Ilcidcnheim,  Muntt, 

• —  gracilis,  Munst.     Boll,  Wurteniberg,  .Munst. 

^^-^—  explunuta,  Munst.     Wnrtenibcrg,  Muimt. 

tubulosa,  Goldf.  Wurtfiuberg,  Goldf. ;  Coral  Kag,  Haute  Sauiii-, 

'J'/iir. ;  Coral  Hag,  Bernese  Jura,  Thur. 
Dculata.  Goldf.    Giengen,  Goldf. ;  Coral  Rag,  Haute  Saone, 

Thir. 

ali'eolata,  Goldf.     Heidicnheim,  Wurtemberg,  Goldf. 

^  heliontliuideft,  Goldf.    Ileidenlieini ;  Giengen,  Goldf.:  Inferior 

Oolite,  Coral  Kag,  Haute  Saone,  Tkir. ;  Coral  Rag,  Inferior 

Oolite,  Bernese  Jura,  Thar. 
confluens,  Goldf.     Heidenlicim  ;  Giengen,  Goldf  ;  Coral  Ra^;, 

Haute  Saone,  Thir. ;  Coral  Rag,  Bernese  Jura,  'J'hur. 
earyophylloides,  Goldf.     Giengen,  Goldf. ;  Coral   K&g,  Haute 

Saone,  7'hir. ;  Coral  Kag,  Bernese  Jura,  Thur. 
cristata,   Goldf.     Giengen ;   Heidenheiin,   Goldf.  ;  Coral  Rag, 

Beniese  Jura,  Thur. 

■ sexradiata,  Goldf.     Giengeu,  Goldf. 

tuvosioidos,  Smith.     Coral  Oolite,  Yorkshire,  Phil.  ;  Coral  Raj 

and  Great  Oolite,  Midland  and  Southern  England,  CoMifb. 

■  inEBqualis,  Phil.     Coral  Oolite,  Yorkshire,  Pint. 

inicastron,  Phil.     Coral  Oolite,  Y'orkshlre,  Phil. 

arHchnoides,  Ftem.     Coral  Oolite,  Yorkshire,  Phil. 

' tiibtilifera,  Phil.     Coral  Oolite,  Yorkshire,  Phil, 

jnacropthaltna,  GoUtf.     Kim.  Clay,  Forrentruy,  Beruetr  Jim, 

Thur. 

tcxtilis,  Goldf.     Coral  Kag,  Bernese  Jura,  Thur. 

geniinata,  Goldf.     Coral  Rag,  Bernese  Jura,  Thur. 

velamentosa,  Gulilf.     Cornl  Rag,  Berneae  Jura,  Thur. 

—  georaetrica,  Goldf.     Coral  Rag,  Bemcsc  Jura,  Thur. 

~ ,  species  not  determined.    Coral  Rag,  Normandy,  ntintcrr»ua.  Df 

Cau. ;  Great  Oolite,  .Midland  and  Southern  Kngland,  CoHijb.; 

Lias,  Hebrides,  Murch.;  Great  Oolite,  VViltshire,  Loru. 
'riiiininasteria  Laiiiourouxii,  I.e  Sauvaiie.     Coral  Rag,  Norm.,  De  Cob- 
Aulopora  con»iiressa.  Goldf.     Rabcubtcin  ;  (Jraletibcrg,  Mniut. 

dichotoina,  Goldf.  Streilberg,  Goldf. 

intenncdia,  Minut,     Stroitbcrg,  Munst. 
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1.  Entalophorncellarioides,  Lam*.     Forest  Mmble,  Nomiandy,  De  Cau. 
Favosites,  species  not  deteriiiiiieil.    Forest  Marble,  Mamers,  Nonuaudy, 

Deni. 
Spiropora  tetragona,  Lam'.     Forest  Marble,  Nontmndy,  De  Cau. 
ctpapilosa,  Lam".    Forest  Marble,  Norniaiidy,  De  Cau.;  Great 

Oolite,  Wilt,'ihir<',  Lon». 

elcgans,  Lam''.     Forest  Marble,  Nomiandy,  De  Can. 

iiitricato.  Lam',     Forest  Marble,  Normandy,  De  Cau. 

Eunomia  radiatn,  Lam'.     Forest  Marble,  Nomiandy,  De  Cau. ;  Great 

Oolite,  Wiltshire,  Lous. 
Chrysaora  datniecorois,  Lnm'.     Forest  Marble,  N onnaiidy,  Z)a  Ceut,; 

Great  Oolite,  WilLshire,  Lons. 

— B]»iiiosH,  J. am'.     J'orest  Marble,  Nonnoiidy,  Dt  Cau. 

Theonoa  datlirata.  Lam'.    Forest  Marble,  Normandy,  De  Cau. ;  Great 

Oolite,  Wiltshire,  I^/u^. 
Idmonea  triquetra,  Lnm''.    Forest  Marble,  Normandy,  De  Cau, ;  Great 

Otjlite,  Wiltshire,  Lorn. 
Alecto  dicliotania,  [.am'.     Great  Oolite,  Wiltshire,  Loni. ;  Foreat  Mar^ 

ble,  Nomiandy,  De  Cau. 
,  species  not  dtteniiined.    Inferior  Oolite,  Midland  and  Southern 

England,  Conyb. 
Berenicca  dilm-iana,  Lam'.     Great  Oolite,  Wiltshire,  Lent,;    Foreat 

Marble,  Normandy,  De  Cau. 
,  species  not  dpterniinci!.     Great  Oolite,  Haute  Saone,  Thif. ; 

Forest  Marble,  Wiltshire,  Lons. 
Terebellaria  ramosiHsima,  Lam'.     Forest  Marble  and  Great  Oolite,  So- 

}iierset,  Lons. ;  Forest  Marble,  Normandv,  De  Cau. 

" Antilope,  Lam".     Forest  Marble,  NonnaxKiy,  De  Cau. 

Cellaria  Sinitliii,  Phil.     Conibraalr,  Ywltshire,  PhiL 
Sarciivula  astroites,  Goldf.     Coral  Rag,  Bernese  Juva,  Thur. 
Intricaria  Bajoceiisis,  Defr.     Inferior  Oolite,  Bemese  Jura,  Thur. 
Explanaris,  species  not  determined.     Great  Oolite,  Wilts,  Loni. 
Polypifers,  genera  not  determined.    Lias  (rare),  Lyme  ^teji;!*,  De  la  B.  ; 

Lias  (rare),   Yorkshire,  Phil.;    Lias  (rare),  Normandy,  De 

Cau.  J  Coral  Rag  (numerons).  North  of  Fiance,  Bulil. ;  Coral 

Rag  (abnndant),  Burgxmdy,  Beaum. ;  Coritl  Kag  (nbt.ndant), 

South  of  France,  Dujr.;  Inferior  Oolite,  t'ulvados,  Her. 

Radiarja. 

Cidaris  florigcmma,  PItil.     Coral  Oolite,  Yorkshire,  Phil. 

intermedia,  Park.     Coral  Oolite,  Yurkshive,  Phil. 

moiiilipora,  Y.  ff  B.     Coraf  Oolite,  Yorkshire,  Phil. 

^  vagans,  Phil.     Calcareous  Grit,  Cornbrash,  and  Great  Oolite, 

Yorkshire,  Phii. 
crenularis,  Lam.    Coral  Rag,  Midlaitd  and  Southern  England, 

Conyb.;  Calc.  Grit,  Bernese  Jura,  Thur. 

— oniata,         .     Bradford  Clay,  North  of  France,  BobL 

globato,  .Schlot.     Coral  Rag,  North  of  France,  Bobl, 

•      maxima,  Muntt.     Biiireuth  ;   Iluhenstcin,  Saxony,  Afuiul, 
Blumcnbachii,  Afunnt.     Thurnau,  Muggendorf,  Pretzfcid  and 

Theta,  (iohlj.;  Calc.  Grit,  Bernese  .luru,  Thur. 

nobJlis,  Mufist.     Bairenth.  Miimt. 

elcgans,  Mumt.      Baireutli,  Munut. ;   Kelloway  Rock.  Haute 

Saone,  Thir. 

~ —  marginata,  GulJf.     Regeiisburg,  Heidenheim,  Golilf. 

eoronata,  Goldf.     Coriii  Hag,  Midland  and  Soiitluiii  England, 

Conyb.;  Slreilberg,  'riuirnaii.  StafieLtein,  Heidenheim,  Ran- 

den,  GntdJ, ;  ('ale.  (iril,  Dcrnest  Jura,  Thur. 
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11.  Cidaris  propinqua,  Mioist.    Streilberg,  MunsL;  Kim.  Clay,  Calc  Gnt, 
Beniese  Jura,  Thur, 

15.  glandifera,  Gold/.     Altdorf,  Bavaria;    Wurteinl>erg ;    Ruiden, 

GolJf.  ;  Cole.  Grit,  Benicge  Jura,  Thur. 

16.  Schmidelii,  Miitml.     Dischitigeii,  Switzerland,  Muntl. 

17.  subangularis,  GoUf.      Thuniau ;    Muggcndorf,   Gold/.;    Kim. 

Clay,  Bernese  Jura,  Thur. 

18.  variolaris,  Al.  Brong.      Streitberg,  Regensberg,  Heidenheim, 

Goldf. 

,  species  not  determined.     Inf.  Oolite,  Vorksliire,  Phil. ;  Lias, 

Lyme  Uegis,  De  la  R.  ;  Conibrash,  Bradford  Clay,  Great 
Oolite,  Inferior  Oolite  and  Lias,  Midland  and  Southern  En- 
gland, Conyb. ;  Coral  Rog,  Forest  Marble,  Nonnandy,  D< 
Cai(. ;  Forest  Marble.  Great  Oolite,  Wiltshire,  Lotu. 

,  spines  of.    Ciivat  Oolite  and  Lias,  Yorkshire,  Phii. ;  Lias,  Mid. 

and  South  of  Enplaiid,  Coni/b. ;  Oolite  beds.  Lower  System, 
.Soiith  (if  France,  Hobl. ;  Coral  Hag,  Normandy,  Dean. ;  CoraJ 
Kii^,  Haute  Saone,  Thir. 

Echinus  gemiinan!),  Phil.  Coral  Oolite,  Calcareous  Grit,  aud  Gmt 
Oolite,  Yorkshire,  Phil. 

lineatus,  GoUlf.    Uegensbiirg,  Bale,  Gold/. ;  Calc.  Grit,  BenuM 

Jura,  Thur. 

exuavatus.  Leske.      Regensburg,  GoUif. ;  Calr.  Grit,  Bcraeie 

Jura,  Thur. 

noduloi^us,  iMuujit.     Buircuth,  Munxl. 

hicroglyphirus,  GMf.      Kegciiiiburg ;  Tliumau,  Goldf.  ;  Calc. 

CIrit,  Bernese  Juru,  Thur. 

■ — sulcatus,  Goldf.  Thurnau ;  Streitberg;  Muggendorf ;  Heiden- 
heim, Goldf. 

,  gpecie*  not  determined.     Coral  Rag,  North  of  France,  BM, 

Ualerites  depressus,  Lavi.  Wurtemberg;  Bavaria,  Goldf.;  Coral  Oolite. 
Calcareous  (Jrit,  Cornbrasli,  Yorkshire,  Phil. ;  Oxford  Clay, 
Normandy,  Desti. ;  Oxford  Clay,  Haute  Saone,  Thir. ;  Ho- 
hcnstein,  Saxony,  Muittt. ;  Oxford  Clay,  Compound  Greal 
Oolite,  Bernese  Jura,  Thur. 

speoiosus,  Munsi.     Heideuheim,  Wurtemberg,  Mittut, 

Patella,  .     Oxford  C'lay,  Nonuaudy,  Dem. 

Clypeasler  pentagonal!^,  Phil.     Calcareous  Grit,  Yorkd.,  Phil. 

,  species  not  determined  : — Coral  Rdg,  Normandy,   De  Coa. 

Kimnieridge  Clay,  Haute  Saone,  Z'/i/r. 

Nucleolites  xcutatus,  Lam.  Oxford  Ciny.  Normandy,  Dean. ;  Oxfonl 
Clay,  Haute  Saone,  Thir. ;  (ixlbrd  Clay,  Compound  Grral 
Oolito,  Bernese  Jura,  Thur. 

columbarius,        .    Conibrasli.  Forest  Marble,  North  of  France, 

BobL 

granulosus,  Munxt.     Amberg  ;  Streitberg  ;  Wiirgau,  Mtmtt. 

•   scmiglobii!),  Mitnsl.    Papncjiheim  ;   Monhoini ;   Bavaria,  MrHil- 

cxccntricus,  Munsl       Kelillieim,  Davarin,  MhiuI. 

canaliculatus,  Mumt.     Blnubeunti,  Wurtemberg,  Murut, 

,  species  not  determined :  -Ovfijrd  Clay,  North  of  France,  BoU, 

.\nanchytc8  bicordatus,  l.nm.  Oxford  Clay,  Normandy,  Desn.  ;  Calf. 
Grit,  Beniese  Jura,  Thitr. 

SpatangUA  ovalis,  Park.  <^oral  Oolite,  C'alcareous  Grit,  Kelloway  Rock, 
Yorkshire,  Phil. 

Intermedius,  MhiuI.     Bloubeuren,  WurteuilHrg,  MuhU. 

carinatus,  Goldf.     Buirtuth,  Wurtemberg,  Goldf, 

capistratus,  f/'o/j//'.  Baireitth,  Goldf.;  Oxford  Clay,  HtuitcSauor, 

Thir.;  Oxford  Clay,  Bcraciic  Jura,  Thur. 
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Spatungiu,  species  not  determined : — Cornbtafih,  Forest  Marble,  North 
of  France,  liohi. 

1.  Clj'peuB  sinuatus,  Park.     Coral  Oolite,  YorkBliirc,  Phil.  ;  Coral  Rag, 

Cornbra«h,  Great  Oolite,  Iriftrior  Oolite,  Mid.  and  Southern 
England,  Conyb.  ;  Forest  Marble,  Noraiandy,  De  Cau, 

2.  emarginatus,  Phil.     Coralline  Oolite,  Yorkshire,  Pk'd. 

3.  -— — ^  climiciilaris,  .S'/Mi/A.    Coral  Oolite,  Cornbrush,  Yorkshire, /'At/.  ; 

Coral  Rftc,  ("ombnish,  Great  Oolite,  iDferior  Oolite,  Midland 
and  Soiitnern  England,  ConijL ;  Forest  Marble,  Normandy, 
De  Cau.  ;  Coral  Rag,  Wevmoiith,  Sedg. 

4.  dimidiatus,  Phit.     Coral  Oolite,  Yorkshire,  Phil. 

5.  seinisiiicatup,  Phil.     Coralline  Oolite,  Yorkshire,  Phil. 

6.  — — orbicularis,  PhiL     Conibrash,  Yorkshire,  Phil. 

,  species  not  determined  : — Conibraah,  Great  Oolite,  Wiltshire, 

Lain. 

Echinitcs,  genera  not  determined.    Inferior  Oolite,  Normandy,  De  Cau. 

,  spines  of.     Coral  Rag,  Burgimdy,  Beaum.  ;  Coral  Rag,  North 

of  France,  Bobl. ;  Forest  Marble,  Mainers,  Deni, ;  Mauriac 
beds,  South  of  France,  Dufr. 

Eugcniacrinite*  carj  ojihyllatua,  iividj.  Baireuth ;  Wurtcmberg ;  Swit- 
zerland, Guliif.;  Calc.  Grit,  Bernese  Jura,  TAur. 

niutans,  Goldf.     Streitberg ;  Mnggendorf,  Gold/. ;  Calc  Grit, 

Bernese  Jura,  Thiir. 

pvriformia,  3fNfuf.     Unnden,  Goldf. 

■  -  nionilifonnis,  Ahtnxt.  Tliurnau;  Streitberg;  Switzerland,  GoU\f. 

Mtift'ri,  Muimt.     Switzerland  ;  Streitberg,  Goldf. 

— —  compressus,  Miiiut.     Baireuth  ;  Wurtcmberg,  Afitnxl. 

.'\piocrinites  rotundus,  Millrr.  Forest  Marble,  Normandy,  De  Cau.  ; 
Bradford  Clay,  Great  Oolite,  Mid.  and  S.  England,  Conyb.; 
Forest  Marble,  Buck-L ;  (ireat  Oolite,  Alsace,  .//.  Brong. ; 
Forest  Marble,  Normandy,  De  Cau.  ;  Forest  Marble,  Wilt- 
shire ;  Great  Oolite,  Somerset,  Lotit. ;  Germany ;  Alsace, 
Goldf. :  Calc,  Grit,  Bernese  Jura,  Thur. 

2.  Prattii,  Graif.     Great  Oolite,  Somerset,  Lotu. 

3.  —  elongatus.  Miller.    Bale  ;  Solcure ;  Elsas,  near  Effort,  Alsace ; 

Forest  Marble,  Noniiaiidy,  Goldf. 

4.  rosacDus,  Schlot.    Canton  Soleure;  Elsas;  Muggendorf,  Goidf.; 

Calc.  Grit,  Bernese  Jura,  Thur. 

5.  mespilifonnfs,  .VfA/oi.     lleidenheim  ;    Giengen,  Go/^^f. ;    Kim. 

Clay,  Haute  Saone,  Thtir. 

6.     Milleri,  Schlot.    Wurtcmberg,  Goldf ;  Calc.  Grit,  Oxford  Clay, 

Bernese  Jura,  Thur, 

7.  — —  flexnosus,  Goldf.     Wurteniberg,  Goldf. 

8.  subconicus,  Goldf.     Bath,  Goldf 

1.  Pentacrinites  vulgaris,   Schlot.     Cornbrash,   Coral  Oolite,  and   Lias, 

Yorks.,  Phil. ;  inf.  Oolite,  and  Lias,  Midi,  and  S.  England, 
Coiigb.  ;   Lias,  Alsace,  Gundcnshofen,  Figeac,  Al,  Broug. 

2.  subangiilaris.  Miller.     Inferior  Oolite  and  Lias,  Midland  and 

Southern  England,  Conyb. ;  Lias,  Uanz ;  Boll,  Goldf. 

3.  Briarens,  Miller.    Lias,  Midland  and  Southern  England, Cony6.,- 

Liaa,  YorkshiTO,  Phil. ;  Lias,  Banz ;   Boll,  Goltlf. 

4.  basaltifonnis.  Miller.     Lias,   Midland  and  Soulhcm  England, 

CoHtfb.;  Lias,  Alfuoc,  foils;  Baireuth;   Banz  ;   Boll,  Goldf. 

5. tubcrculatus,  Miller.     Lias,  Midland  and  Southern  England, 

Conyb.  ;  Lias,  Alsace,  Foltz. 
♦j.  ^— suhtcrcs,  Goldf.     (Var.)     Oxford  Clay,  Haute  Saone,  Thir, 

7.  Jnicnsis,  Mutul.     Coral  Rag,  Haute  Saone,  Thir. 

8.  acalaris,  Goldf     Baireuth  ;  Bunit ;  Boll,  Goldf 
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Pentacrinitea  cingulotiis,  Mun.H.     Stieitbtrg;  Thumau,  (ioldf. 

^  pentaeonalis.  Gold/.     Streitberg  ;  Thurnau;  Boll,  GolJf,; 

ford  Clay,  Bernese  Jura,  Thur. 

nioiiiliferus,  Muntt.     Lia«,  tiaireuth,  Goldf. 

subsulcntus,  Muntt.     Lias,  Baireuth,  Goldf, 

-  — — •  subtercs,  Miuut.    Streitberg,  Goldf. 

?  paradoxus,  Goldf,     Baireuth;  Wurtt-mberg,  GMf. 

•,  species  not  determined.    Forest  Marble,  Normandy,  De  C^il,- 

Bradford  Clay,  North  of  France,  BM. ;  Combranh,  ~ 
Marble,  Great  Oolite,  Midliind  and  Southeni  England,  Co 
Inferior  Oolite,  Wolloii-under-Edgc,  Forest  Marble, 
Oolite,  Soiuersef,  Lous. 

Solanocrinites  costatiis,  GvUf.     Giengcn  ;  Heideaheim,  Wiurtewberg, 
Goldf. 

" —  Bcroiiioidatuft,  Munst.     Streitberg ;  Thurnau,  Goldf. 

Jaegeri,  Goldf.     Baireulli,  Goldf. 

Rhodocrinitea  ediinatus,  Schlot.    Amberg;  Wurtemberg;  Switzerland; 
Borrach,  Goldf. 

Coinaiula  pinnata,  Goldf.     Soknhofen,  Goldf. 

tenella,  Goldf.     Solenhofen,  Goldf. 

-  — '    pectinata,  Goldf.    Solenhofen,  Goldf, 

iiliformis,  Goldf.    Solenhofen,  Gol(^. 

Ophiura  Millcri, /V</7.     Lias,  Yorksliirc,  Phil.;  Inferior  Oolite  i 

Bvidporf,  De  la  K 
^——  speciosa,  Mitttnt.     Solenhofeo,  Goldf. 

carinatftf  Mumt.     Solenhofen,  Goldf. 

Astcrias  lunibricalis,  i^cA/o^     Walzeiidorf,  Coburg;  Licktciifels, 

berg,  Goldf. 

—  lauceolata,  Goldf.     Walzciidorf ;  Liclitcnfclg,  Goldf. 

arenicola,  Goldf     Porta  Westjilialicn,  Goldf 

— ■ — —  Jiirensis,  Mun»l.     llattlieim,  Wurtemberg;  Bairenth,  Oo 

tabulata,  Goldf     Streitberg,  Goldf. 

WXiixta,  Goldf .     Sircilberg;  liciligenstudt,  ^o/t//*. 

stellifera,  Goldf.     Streitberg,  Goldf. 

prisca,  Goldf.     Wasscrallingen,  Sehiibbcr, 

',  species  not  determined.     Coral  Rag,  Bernese  Jura,  Tkuf, 

Annulata. 

Lunibricaria  Intestinum,  Munst.     Solenliofeii,  Goldf. 

Colon,  Munst.     Solenhofen,  Goldf, 

~ rectn,  Munst.     Solenhofen,  Goldf. 

gordialisi,  Mumt.     Solenhofen,  Goldf, 

coniugata,  Mutut.     Solenhofen,  Goldf, 

Filaria,  Munst,     Solenhofen,  Goldf, 

Serpula  squamosa,  Bean.     Coral  Oolite,  Y  orkshire,  Phil. 

• lacerntii,  Phil.     Calcareous  (irit,  and  Great  Oolite,  Yorksbirr, 

Phil.;  Calc.  Grit,  Bemeae  Jura,  Thur. 
intestinaJis,   Phil.    Oxford  Clay,  and  Combrash,    Yorkshirr, 

Phil. 

deplexa,  Bean,     Inferior  Oolite,  Yorkshire,  PhiL 

— capitata,  Phil.     Lias,  Yorkshire,  Phil. 

-^  quadrangularig,  Lam.     Oxford  Clay,  Normandy,  tiesn, ;  Ca 

Grit,  Bernese  Jura.  Thur, 

^ sulcata.  Son:     Calcareous  Grit,  Oxford,  Sow. 

.   ■  —  tricarinula,  -Sow.     Cidcnrcous  Gril,  Oxfoid  ;  Cf)ral  Rag,  .StecjJf 

Ashton,  V\'ilij(,  Sow. ;  Oxford  Cluy,  Hniite  Saone,  /Air. 

triangiilata,  Hon;   Bradford  Chi}  or  Grent  Oolite,  Bradford,  .V«f  • 

—  Fiuicinata,  How.     Cond  Itag,  Oxford,  Sou: 
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1 31. 


Iricristata,  Gold/.     Lias,  Banz,  (SoUf. 

quinquc-cristata,  Muutl.     Lias,  Uanz,  (loldj. 

qutiique-siilcata,  Afuiut.     Lias,  Theta,  Bairculb,  GolJf, 

circiiiualis,  Munst.     Lias,  Baai,  Gold/. 

complanata.  Gold/.     Liu,  Theta,  Muutt. 

graiidis,  Goldf.  I'errug.  Oolite,  Baireuth ;  Wiirttjuibcrg ;  Coral 
OoliU-,  Haute  Saone ;  Upper  Jura  Limestone,  Heidenheim, 
Goliif. 

Limax,  Goldf.     Femig.  Oolite,  Baireuth,  Goldf 

coiiformiti,  Goldf.  Alsace,  Gutdf;  Kim.  Clay,  Bernese  J  urajTAur. 

convoluia,  Goldf.  Ferrug.  Oolite,  Wasseralfingen ;  Baireuth, 
Goldf 

lituifannis,  Mumt.   Ferrug.  Oolite,  Grafenberg,  Baireuth,  Goldf. 

Di'iphinula,  Goldf     Tlnimaui  Streitberg,  Goldf 

capitala,  Goldf  Streitberg,  Goldf. ;  Calc  Grit,  Bernese  Jura, 
TAur. 

limnta,  Murut.    Streitberg,  Goldf. 

plicatilis,  Mnnnt.     Gral'enberg  ;   Streitberg,  Goldf. 

gibbosa,  Goldf     Muggendort",  Goldf. 

nudiJosa,  Goldf     Streitberg,  Goldf. 

Sjiirolinites,  .Muntt.     Streitberg,  Goldf 

tricariiiatii,  Goldf  Ferrug.  Oolite,  Rabensteiii ;  Baireuth ; 
Alsace,  Goldf 

pentagoua,  Goldf     Streitberg,  Goldf 

qutnquangxilaris,  Goldf  Kim.  Clay,  Largue,  Sundgau;  Nor- 
mandy, Goldf. ;  Calc.  Grit,  Bernese  Jura,  Thur. 

quadrilatera,  GoUf.  F'errug.  Oolite,  Rabenstein ;  Buxweiler, 
Goldf 

vertebralis.  Sow.     Buxweiler,  Goldf 

prolifera,  Goldf     Streitberg,  Goldf. 

planorbiformis,  Aluml.     Thurmm  ;  Streitberg,  Goldf 

trochleata,  Munst.     Streitberg,  Goldf 

macrocephala,  Goldf.     Thurnau,  Goldf. 

heliciformis,  Goldf     Neub\irg;   Doubs,  Goldf. 

quadriDtriata,  Goldf.     iJcrrach,  Burgimdy ;  Aiiiborg,  Goldf 

convoluta,  Munsl.     Streitberg,  Goldf 

canaliculata,  Muntt.     Streitberg,  Goldf 

Deshayesii,  Munst.     Streitberg,  Goldf 

volubilis,  Munst.     Ferrug.  Oolite,  Rabenstein,  Goldf 

spiralis,  Mimst.     Muggendorf;  Hattheini;  Heidenheim,  Goldf 

eingulata,  Munst.     Streitberg,  Goldf. 
Flagellum,  Munst.     Streitberg,  Goldf. 

DubBtriata,  Muntt.     Ferrug.  Oolite,  Rabenstein,  Goldf. 

flaccida,  ;V«n»^  Ferrug.  Oolite,  Ilabenstein ;  Bdle;  Elsas,  Goldf, 

gordioljs,  .S'rA/of.  Streitberg;  Heidenheim;  Buxweiler,  Goldf; 
Coral  Rag,  Bernese  J  urn,  Thur. 

intercepta,  Goldf    Streitberg;  Culmbach,  Goldf. 
Ilium,   Goldf     Tliuraau ;  Streitberg,   Goldf ;  Calc.  Grit,  Ber- 
nese Juru,  Thur. 
Filaria,  Goldf     Ferrug.  Oolite,  Griifenberg;  Streitberg,  Goldf, 

socialis,  Goldf     Bavaria ;  Swabia ;    Burgundy,   Goldf ;  Calc. 

Grit,  Bernese  Jura,  TAur. 
probleroatii's,  Munsi.     Solenhofen,  Goldf 

,  species  midfteraiincd.  Coral  Rag,  Oxford  Clay,  Combrash, 
Forest  Marble,  Bradford  Clay,  Great  Oohte,  Mid.  and  South 
of  England,  Conyb.;  Oxford  Clay,  Inferior  Oniile,  Haute 
Saone,  Tliir. ;  Convbrash,  Fon-nt  Maible,  Bradford  Clay 
Great  Oolite,  Fuller '»  li)anli,  Wilt«hii[c,  Lvni. 
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CoNCUirKtlA. 

Spirifer  Walcotii,  Sme,  Lias,  Yorkshire,  Phil.;  Lias,  Bl_,  _  _ 
Regis,  Dt  la  B, ;  Lias,  Normandy,  De  Cau. ;  Liaa,  Sonui  o 
France,  Dufr. ;  Lias,  Western  Inlands,  Scotland,  Murck. 

Delthyris"  verrucosa,  Von  Buck.  Lias,  Bahlingen,  Wurltniberg,  Fon 
Buck. 

rostrata,  Schlot.     Liaa,  Wurlemberg,  Fon  Btuh. ;  Oxford  Clay, 

Bernese  Jura,  Thur. 

Terebratula  intermedia,  Sow,  Coral  Oolite,  and  Great  Oolite,  Vorks., 
Phil.;  Combrash,  Mid.  and  S.  England;  Inferior  Oolite, 
Dundr}',  Conyb. ;  Kim.  Clay,  Benieae  Jura,  Thur. 

globata,  How.     Coral  Oolite?  Oieat  Oolite,   V'orkshire,  PbiL ; 

Forest  Marble,  Norn^andy,  De  Cau. ;  Oolite,  Env.  of  Bath  ; 
Sotc. ;  Fuller's  Earth,  Env.  of  Bath,  Great  Oolite,  Haute 
Suone,  Thir. 

omithocephala,  Sow.      Coralline  Oolite,   and  Kelloway  Bock, 

Yorkshire,  Phil.;  Kelloway  Rock,  Combrash,  Lias?  Mid. 
and  South  of  England  ;  Inferior  Oolite,  Du^dr^•,  Conyb.; 
Oxford  Clay  and  Lias,  Norniundy,  De  Cau. ;  Inferior  Oolite, 
Uzer,  Suuth  of  France,  Dufr.;  Kimmcridpe  Clay,  Great 
Oolite,  Haute  baone,  Thir.;  Inferior  Oolite,  Wiltshire,  Loiu.; 
Solcurc,  Biixweiler,  Haiti. ;  Oxford  Clny,  Bernese  Jura,  Thur. 

ovata,  .S'uH'.     Coralline  Oolite?  Yorkshire,  Phil.;  Inferior  Oolite, 

Mid.  and  South  of  England,  Conyb. ;  Coral  Rag,  Haute  Soatie, 
Thir. 

obsolcto,  Sow.     Coralline  Oolite  ?   Inferior  Oolite,   Yorkshire, 

Phil. ;  CornLraah,  Bradford  Clay,  Great  Oolite,  and  Inferior 
Oolite,  Mid.  and  South  of  England,  Conyh. ;  Great  Oolttr, 
Normandy,  Dt  Cau ;  Lias  and  Inferior  Oohte,  South  «k 
France,  Dufr.  ;  Forest  Marble,  Wiltshire,  Lorn. ;  Oxfind 
CJay,  Bernese  Jura,  Thur, 
socialis,  Pkil.  Calcareous  Grit,  and  Kelloway  Rock,  York- 
shire, Phil. 

7.  ovoides,  Soto.     Cornbrash  ?  Yorkshire,  Phil. ;  Inferior  Oolite, 

Noniiandy,  De  Cau. ;  Uuliljly  I.inu'»tone,  &c.  Braambury 
Hill,  Brora,  Murch.;  Inf.  (Joiite,  Calvados,  Utr.;  Leiaackcr; 
Neuburg;  Neresheini,  G.  T. 

8.  digona,  Sow.     Combrash,  Yorks.,  Phil. ;  Combrash  and  Brad- 

ford Clay,  Mid.  and  S.  England;  Inferior  Oolite,  Uundiy, 
Conyb.;  Forest  Murblc,  Nonnandy,  De  Cau.;  Bradford  d^ 
and  Coral  Rag?  North  of  France,  Bubl.;  Forest  Mariile, 
Bradford  Clay.  Cireal  Oolite,  Wilts,  Lout, 

9.  s|)inoBa,  Tuuiisi-ml  nud  Smith,     Great  Oolite,  Yorkshire,  PULi 

Inf.  Oolite,  Biitli,  I.ons. ,  Oxford  Clay,  Bernese  Jura,  Tkm, 
•9.  spinosn,  Schlot.     Inferior  Oolite,  Southern  Gennany,  Muntt. 

10.  • trilineata,  }'.  <^  B.     Inferior  Oolite  and  Lias,  Yorkshire,  PhiJ. 

11.  bidens,  Phil.     Inferior  Oolite  and  Lias,  Yorks.,  PkiL;  \Jm, 

Bull,  G.  7". 

12.  punctata,  Sotc.     Liai,  Yorkshire,  Phil. ;  Inferior  Oolite,  MiA 

and  South  of  England,  Conyb.;   Lias,  Western  Islands,  Scot- 
land, Murrlt. ;  liil".  Oolite,  Southern  Germany,  Munnt. 
1,T.     ■  resupinatu.  Sow.     Lias,  Yorkshire,  Phil.;  Inferior  Oolite,  Mid. 

and  South  of  England,  Conyb. ;  Inferior  Oolite,  Barendotfi 
Tburnau,  Muii*/, 

•  Tlic  genus  Drllhyr'u,  n,iliiian.  is  the  Mmit  with  Ibc  pcniis  Spiriftr,  SowcTk7i 
both  njiiic»  have  been  rct'Mned  above  for  the  purpose  of  more  cd.<'y  reference. 
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14.  Terebratula  acuta,  .yow.  Lias,  Yorkshire,  P/W/,;  Inferior  Oolite  and  Lia<, 
Mid.  and  Soutli  of  England,  Conyb. ;  Lias,  Normandy,  De 
Cau,;  Fuller's  Earth,  Frome,  Lont.;  Lias,  Wurtemberg,  Von 
Buch. 

—  triplicntn,  Phil.  Lias,  Yorkshire,  Phil. ;  Lias,  Wurtemberg, 
fori  Buch. 

—  tetrai-dra,  Sow.  Lias,  Yorkshire,  /''Ai/. ;  Inferior  Oolite,  Mid. 
and  South  of  Knj^land,  Coiiijlt.;  Lias,  South  of  France,  Dufr.j 
Forest  Marble .'  Mauriae,  South  of  France,  Dufr. ;  Lias  and 
Micaceous  Sandstone,  \Vestern  Islands,  Scotland,  Murrh. ; 
Echterdingen,  Buxweiler,  Hatn. ;  Lias,  Waldhauaen,  Tu- 
bingen, G.  T. 

—  subrotuTuIa,  Sow.  Combrash  and  Inferior  Oolite,  Mid.  and 
South  of  England,  Conyb.  ;  Combrash  and  Forest  Marble, 
North  of  France,  Bobl. ;  Forest  Marble  ?  Manriac,  South  of 
France,  Ditfr. ;  Inferior  Oolite,  Env.  of  Bath,  Loiu. 

—  obovata,  Sow.  Combrash,  Mid.  and  South  of  England,  Conyb. ; 
Inferior  0<ilite,  Env.  of  Bath,  Lons. 

—  reticulafaj  Sntc.  Ilradford  Clay,  Mid.  and  South  of  England, 
Conyb.  ;  Forest  Marble,  Normandy,  ^ie  Cau. 

—  media.  Sow.  Inferior  Oolite,  Dundry,  Conyb.;  Inferior  Oolite, 
Great  Oolite,  and  Dradtord  Clay,  North  of  France,  Bobl.  ; 
Dunrobin  Oolite,  Scotland,  Murch. ;  Fuller's  Earth,  Inferior 
Oolite,  Env.  of  Bald,  Loni. 

—  crumena.  Sow.  Inf.  Oolite  and  LiM?  Mid.  and  S.  England, 
Conyb,;  Ecliterdiiigen,  I/cpii. 

—  coiicinna.  Sun:  Fuller's  E.irth,  Mid.  and  South  of  England, 
Conyb.;  Inferior  Oolite,  Normandy,  J)e  C;  Forest  Marble.' 
Mauriftc,  South  of  France,  Dufr. ;  Fuller's  Earth,  Frome ; 
Inferior  Oolite,  Env.  of  Buth,  Lotui. 

—  biplicata,  Sow.  Oxford  Clay,  Forest  Marble,  Great  Oolite,  Nor- 
mandy, Her.;  Soleure,  Htm.;  Kim.  Clay,  Bernese  Jura, 
ThuT. ;  Papcnhcim,  (z.  T. 

—  tetrandra,      .     Forest  Marble,  Normandy,  D«  C. 

—  coarctata,  Parft.  Forest  Marble,  Normandy,  1^^  C. ;  Bradford 
Clay,  North  of  France,  Bobl. ;  Bradford  Clay,  Bath,  Loacombt. 

—  plicatella,  Sow.  Inf.  Oolite,  Bridport,  Dela  B. ;  Forest  Marble, 
Normandy,  De  C.  ;  Bavaria;  Holvenstein,  Saxony,  Muntt. 

—  serrala.  Sow.  Lias,  Lyme  Regis,  Dt  la  B. ;  Lias,  Waldhaen- 
serhof,  G.  T. 

—  bullata.  Sow.  Inferior  Oolite,  Nomnindy,  De  C. ;  Inferior 
Oolite,  Bridport,  Dorset,  Soit:;  Conibrash,  Wiltshire;  Fuller's 
Earth,  Env.  of  Bath,  Lonn. 

—  sphfprnidalis.  Sow.  Inferior  Oolite,  Normandy,  De  C;  Inferior 
Oolite,  Dundry,  Braikenridye. 

—  cmarginnta.  Sow.  Inferior  Oolite,  Normandy,  De  C;  Inferior 
Oolite,  Env.  of  Bath,  Lotu, 

—  quadriflda,      .     Inf.  Oolite,  Calvados,  DesL 
~  aumismalis.  Lam.     Lia.«,  Bahlingen  ;  Gonningen,  Fon  Buck.; 

Inf.  Oolite,  Calvados,  Detl. 

—  perovalis,  Soit'.*  Inf  Oolite,  Dundry,  Braiirenridye ;  Forest 
Marble?  Mauriac,  and  Kim.  Clay,  Cahors,  South  of  France; 
Roclielie  Limestone,  Dufr. :  Oxford  Clay,  Kell.  Rock,  Haute 
Saone,  Thir.  ;  inf.  Oolite,  Calvados,  Desi. 

—  maxillata.  Sow.  Inf.  0»lite,  Env.  ol'  Bnth,  Sou'.;  Forest  Marble, 
Wilts,  Lon». 
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•   7".  bhhffarcinafa,  Schlot,  nrcording  to  Cminl  Mttnstcr. 
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35.  Terebratula  flabcllula.  Sow.   Great  Oolite,  Andifl',  near  Bradford,  Wilts, 

Cooksoii. 

36.  furcata.  Sow.     Great  Oolite,  Ancliff,  Cookson. 

37.  orbicularis,  Sotr.     Lias,  Bath,  Sow. 

38.  hemigphrerica.  Sow.     Great  Oolite,  AnclifT,  Cookson. 

39.  inconstans,  Sow.     Shelly  Limestone  and  Calc.  Grit,  Portsower, 

&c.  N.  of  Scotl.,  and  Shell  Limetttoiie,  Bcal,  IsleofSky,  iViircA.; 
Coral  Rag,  Wejuiouth,  Sedg.;  Bavaria;  Wurteniberg;  Porta 
WeHtphalica;  Hohenstein,  Saxony,  Muntl. 

40.  avieulnris,  Afuiist.     Jnf.  Oolite,  Southern  Germany,  Muntt. 

41.  loricftU,  Schlot.     Baireuth,  Jlcen. ;  Thtiraau;  Streitberg,  0.  7". 

42.  plicata,  Lam.     Thunmu,  G.  T. 

43.  — '-       spinosa,  Schlot.     Compound  Great  Oolite,  Bernese  Jura,  Thar.; 

Bloinberg;  Wurtemberg;  Donaueschingen,  G,  T. 

44. vulgaris,  Schlot.     Porta  Westpholica,  Haen. 

45.  Defrancii,  Al.  Brong.     Amberg,  Ham. 

46.  Httninghauslj,  Hlam.     Baireulb,  IIa:it. 

47.  '  rimosa,  Fan  Buck.     Lias,  Bahliiigen,  Wurtemberg,  I'oh  Buck 

48.  — '  bicanaliculata.  Sow.    Hohen«tein,  Saxouy ;  Ferruginous  Oolite, 

Bar&ria  and  Wurtemberg,  Muntt. 

49.  — -  comuta,  .Vow.     Inf.  Oolite,  llminster,  .Sow. /  Bavaria;  Hohen- 

Rteui,  Muntt. 

50.  trilobata,  Miaut.     Bavaria ;    Porta  Westphalica ;    Hohenstein, 

Muntt, 
61*  lacunosa,  Schlot,    Calc.  Grit,  Oxford  Clay,  Bernese  Jura,  Tki0. 

52.  varians,  Schlot.     Oxford  Clay,  Conipoiuid  Great  Oolite,  BeiMM 

Jura,  Thtir. 

53. depressB,  Soiv.     Oxford  Clay,  Bernese  Jura,  Thtrr. 

54.  — variabilis,  Schlot.     Oxford  Clay,  Bernese  Jura,  7'Aiir. 

55.  personata,  Iffr.     Inf.  Oyltte,  Calvadofi,  Ded, 

.56.  sella,  Smc.     Lochi^n  ;  Bahlingcn,  G.  T. 

57.  impressa,      .     Hohcnifollcm  ;  Stufenberg ;  Tliumau,  G.  T. 

58.  nucleolata,  Schlot.     Streitberg,  G.  T. 

59.  tegvlaris,  Schlot.     Kelheim  ;  Heidenheim ;  Amberg,  O.  T. 

CO.  ?  alata.  Lam.     Bahlingen;  Lochcrberg  ;  Hohenzollem,  G.  T. 

1.  Orbicula?  radiata,  Phil.     Coral.  Oolite,  Yorka.,  Phil. 

2.  granulata,  Sow.     Great  Oolite,  .^ncliff,  Wilt*,  Cookton. 

,  species  not  determined.     Inferior  Oolite,  Yorks.,  Phit. 

1.  Lingula  Beanii,  PfiU.     Inferior  Oolite,  Yorks.,  Phil. 

1.  Ostrea  gregarea,  Sow.*     Coral  Rag,  Yorka.,  Wilts,  Src.f  Calc.  Grit  aiul 

Great  Oolite?  Yorks.,  Phil.;  Coral  Rag,  Mid.  and  S.of  Eng.; 
Inf.  Oolite,  Dimdr^',  Conijb. ;  Coral  Rag  and  Oarford  Clay, 
Norm.,  De  C. ;  O.vford  Clay  and  Coral  Rag,  N.  of  Fr.,  fioWL, 
Kim.  Cluy,  HA>to,  Phil.;  Coral  Rag,  Weymouth,  Sedg. ;  Grcsl 
Oolite,  Calvados,  Ded. 

2.  soL'taria,  Sow,     Coral  liiig  and  Inf  Oolite,  Yorks.,   Oxon,  ifcc- 

Phil. ;  Kim.  Clay,  Hauto  Saonc,  Thir. ;  Coral  Rag,  Wej- 
moutli,  Sedg.;  Kim.  Clay,  Berucse  Jura,  Thur, 

3.  ^^— •  duriuscido.  Bean.     Coralline  Oolite,  Yorks.,  Pkil. 

4.  ■ — inwqualis,  Phil.     Oxford  Clay,  Yorks.,  Phil. 

5.  undosa,  Bean.     Kell.  Rock,  Vorks..  Phil. 

6.  archetypa,  Phil,     Kell.  Rock,  Yorks.,  Phil. 

7.  Marshii  f,  Sow.     Kell.  Rock,  Comb.,  and  Great  Oolite,  York*, 

Phil.;  Comb,  and  Puller's  E.,  Mid.  and  S.  of  Eng.,  Con^.; 
Oxford  Clav,  Forest  Marb.,  and  Inf.  Oolite,  Norm.,  Dr  C: 
Comb.,  Wilts,  Lona. ;  Coral  Rag,  Weymouth,  Setlg. ;  Uxfoid 


•  Query,  Oifrrn  Criita-Golli,STO\\.Vk. 


t  Oitrea  flabelloldes. 
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Clay,   N.  of  France,  Bobl, ;  Wiesgoldingpn ;   Fiirstcnberg ; 

Stufenl>crg ;  Baircutli,  Cr.  T. 
Ostrca  sulcitera,  P/iil.     Great  Oolite,  Yorks.,  Phil.;  In£  Oolite,  Haute 

Saone,  Tftir. 
— ^—  dcltoidea.  Sow.  and  S7nit.h.     Kim.  Clay,  York)t.,  Phil. ;  Oxford 

Clay,  N.  of  Fr.  lioU. ;  Kim.  Clay,  S.  and  Mid.  of  England, 

Cotii/b. ;  Shell  Limestone  and  Calc.  Grit .'   I'origower,  frc. 

Scotl.,  Alurcli.;  Kim.  Clay,   Havre,  Phil. ;  Sandst.,  Limest., 

and  Shale,  Inverbrora,  Scotl.,  March. ;  upper  part  of  Coral 

Rag,  Weymouth,  Sedg, 
■■  cxpansa.  Sow.     Portland  Stone,  Cont/b. 
palmetta,    Sou:     Oxford  Clay,   Mid.  and  S.  of  Eng.,   Ctmyh. ; 

Oxf.  Clay  and  For.  Mach.,  Norm.,  De  C. ;  Baireuth  ;  Wur- 

temberg,  0.  T. 
12.  acuminata.  Sow.     Bradford  Clay  and  Inf.  Oolite,  Mid.  and  S. 

of  Eng.,   Conyb. ;  Great  Oolite  and  Brad.  Clay,   N.  of  Fr., 

Bobl. ;  Great  Oolite,  Haute  Saoiic,  T/iir. ;  Fuller's  E.,  Inf. 

Oolite,  Enviroua  of  Bath,  Lout.;  Coinp.  Great  Oolite,  Bernese 

Jura,  T/iur. ;  inf.  OiJitc.'  Calvados,  Desl. 
TUgosa,  SmiK     Iiif.  Oolitf,  Mid.  and  S.  of  Eng.,  Conyb. 
minima,  De*i.     Coral  Rag  and  Oxford  Clay,  Norm.,  De  C. 
plicntilis.     Oxford  Cky,  Norm.,  De  C. 
cost&ta*,  Sow.     Brad.  Clay,  N.  of  Fr.,  Bobl.;  Cireal  Oolite, 

Anciitf,  near  Bath,  Cookion. ;  Comp.  Great  Oolite,  Bernese 

Jura,  Thur. 
pectinnta.     Oxford  Clay,  N.  of  Fr.,  Bobl. 
pennaria.     Oxford  Clay,  N,  of  Fr.,  Bobl, 
iKviuscula,  Sow.     Lias,  Eng.,  Sow. 
obscura,  Sow.     Great  Oolite,  AndifT,  Wilts,  CooIuon. 
Meadii,  Sow.     Inf.  Oolite,  Env.  of  Bath,  Lons. 
colubriiia,  Lam.     Natthcim,  G.  T. 
carinata,  Lam.     Calc.  (Jrit,  Bernese  Jura,  Thur. 
irregularis,  Muml.     Lias,  Aniberg,  G.  T. 
Ungula,  Muiisl.     Lias,  yVmberg;  Banz,  G.  T. 
Ifeviuscula,  Munst.     Lias,  Amberg,  G.  T. 
Synama,  Alutist.     Liaa,  Baireutli,  G.  T. 
semiplicAta,  Miiint.     Lias,  Baireutli,  G.  T. 
Exogyra  Bnuitrulaiia,  Thur.     Portlaud  Beds,  Kim.  Clay,  Porrentniy, 

Bernese  Jura,  Thur. 

2.  - — '—  spiralis,  Gold/.     Elligacr  Brink,  G.  T. 

3.  rcniformis,  Gold/.     Weatphalia,  G.  T. 

,  Kpecies  not  determined,    Kim.  Clay,  Haute  Saone,  Thir.  Foml 

Marble?  Wilts,  Aon*. 

1.  Gryphiea  diamaefoniiia, /'Ai/.     Calc.  Grit,  Yorks. ;  and  Oolite,  Suther- 

laiifl,  Phil. 

2.  bulluta,  Sow.     Coral.  Oolite.'  Cdc.  Grit?  Phil.;  Oxford  Clny, 

Lincolnshire,  Sutc.;  Oolite  of  Braambury  Hill,  Brora,  Murch. 

3.  • inhaerens,  Phil.     Calc.  Grit,  Yorks.,  Phil. 

4.  "-     -   '  dilataU,  Sow.     Kell.  Uock,  Yorks.,  Phil. ;  Oxford  Oay,  Mid. 

and  S.  of  Eng.,  Conyb. ;  Oxford  Clay  and  Lias,  Norm.,  De  C. ; 
Oxford  Cluy,  N.  of  Fr.,  Bobl. ;  Oxford  Clay,  Burgundy,  Beaum.  ; 
Great  Arenaceous  Formation,  Western  Islands,  Scotl.  Mttrch.; 
Oxftird  CIbj',  Haute  Saune,  TIttr. ;  Lower  part  of  Coral  Rag, 
Weymouth,  Sedg. ;  Oxibrd  Clay,  Beggingen,  Scliaf hausen,  Fan 
Bnch. 

5.  —  incurva,  Sou:     Lias,  Yorks.,  Phil ;    Lias,  Mid.  and   S.  Eng. 


•  (hlrea  Knorrii,  I'oUz. 
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Conyh. ;  Lias,  Norm.,  De  C. ;  Lias  and  Inf.  Oolile,  N.  of  Fr., 
Bobi. ;  Lias,  S.  of  Fr.,  Dii/r. ;  Lins,  Metz,  Snliiis,  Amberjr, 
jil.  Brotiff. ;  Liag,  Western  Islands,  Scotl. ;  Lias,  Rosi  and 
Cromarty,  Scotl.,  Murch. ;  Goppingen,  Bahlingen,  Hcen. 

6.  Oryphsa  nana,  Sow.  Kim.  Clay,  Oxford,  Soto. ;  Shale  and  Grit,  Dun- 
robin  llecfs,  Seotl.,  Murch. ;  Lias  and  Oxford  Clay .'  N.  of 
Fr.,  Hobl. 

7. Mnccullocliii,  Sotv. ;   Lias,  Westtm  Islands,  Scotl.,   Murch.  ; 

Lias,  Yorks.,  Phil. ;  Oxford  Clay,  Norm.,  Dt  C. ;  Lias,  S.  of 
Fr.,  Dufr ;  Lias,  Env.  of  Bath,  Lons. 

8. dejircssa,  Phil.     Lias,  Yorks.,  Phil, 

9.  ^— obliquata,  Sow.    Lias,  Miil.  and  S.  Eng.,  Conyb. ;  Lias,  S.  of  Pr., 

Dufr. ;  Lias,  Western  Islands,  Scotl.,  Murch. ;  Lias,  Env. 
uf  Bath,  Loni. 

10.  Cynibiinn,  Lam.  Inf.  Oolite,  N.cf  Fr.,  Bobl.;  Lins,  S,  of  France; 

Iiif  Oolite,  Villefranchc,  S.  of  France,  Dtifr. ;  Inf.  Oolite, 
Haute  Saone,  Thlr.;  Lias,  Bahlingen,  t'on  Buck;  Inf. Oolite, 
Calvados,  DeiL;  Lias,  Boll;  Wasscrallinffen ;  Ellvrangen,  G.T. 

11.  —  lituola,  Lam.     Brad.  Clay,  Cornb.,  and  For.  Marb.,  N.  ofFr., 

BoM. 

12.  gigantea.  Sow.    Lias,  S.  of  Fr.,  Dufr, ;  Lias,  Rest  and  Cromaity, 

Scotl.;  Great  Arenaceous  Formation,  Western  Island.%  Scotl-, 
Murch.;  Porta  Wcstplinlica  ;  Ilohenstein,  Saxony,  MutuL 

15.       -         minuta,  Soui,     Great  Oolite,  Ancliff,  Wilt"?,  Cookton. 

14.  virgula*,  Def ranee.    Kim.  Clay,  Hiivre,  Al.  Brong. ;  Kim.  CTay, 

Burgundy,  Bfaum.;  Kim.  Clay,  S.  of  Fr.  Ditfr. ;  Kim.  Clay, 
Weymouth,  Buckl.  Ji-  Df  la  li.  ;  Kim.  Clay,  Unuto  Saone, 
7'hir.  ;   Portland  Beds,  Kim.  Clny.  Benicse  Jura,  Thvr. 

1,5.  IsL'vis,  Schlot.     Lius,  Malsch,  near  Henlelbcrg,  Brortn. 

1.  Plicatuln  spinosn.  Sou:     Lius,  Yorks.,  Phil.;  Lin.s,  Mid.  and  S.  Fne.. 

Cont/b.;  Lias,  Norm.,  Dt  C;  Inf.  Oolite,  N.  of  Fr. 
Great  ArenaueousFomiation,  Western  Islands, Scot).,  .V' 
Lias,  Guudershoffen,  I'oltz.;  Lias,  Wittbcrg,  G.  T. 

2.  • tubifern,      .     Calc.  Grit,  Bernese  Jura,  Thur. 

3.  ■ pectinoides,  Deil.     Inf.  Oolite,  Calvados,  Dett. 

4.  . squamosa,  Gotdf.     Elligser  Brink,  G,  T. 

1.  Pecten  abjectusj  Phil.    Coral  Hag,  Yorks.  and  Oxon;  Calc.  Grit,  Ortat 

Oolite,  and  Inf.  Oolite,  Yorks.,  Phil. 

2.  ina?quico8tntu»,   Phil.      Coralline   Oolite,  Yorks.;    Calc.  Grit 

Oxnn,  Phil.;  Coral  lUig,  Bernese  Jura,  Thur. 

3.  ~~ cancellatus,  Bean.     CoraJline  Oolite,  Yorks, ;  Oolite,   Sother- 

land  ?  Phil. 

4.  demi^iis,  Phil.     Coralline  Oolite,  Kelt.  Kock,  Combrosb,  and 

Great  Oolite,  Yorks,,  Phil. 

5.  Lens,  Sow.    Coralline  Oolite,  Kcll.  Rock,  Great  Oolite,  Inf. 

Oolite,  and  Lias,  Yorks.,  Phil.;  Coral  Rag,  Mid.  and  S.  Eng.; 
Inf.  Oolite,  Duiidry,  Conyh.  ;  Coral  Rag  and  Oxford  CUv. 
Norm.,  De  C. ;  Corah,  and  For.  Marb.,  N.  of  Fr.,  Bobl. ;  In'f. 
Oolite,  Alsace,  and  Stranen  near  Luxembourg,  /tl.  Brotiy,; 
Sandst.,  Limest.,  and  Shale,  Inverbrora,  Scot!.,  Murch.;  Inf. 
Oolile,  Haute  Saone,  Thir.;  Elligser  Brink,  G.T.;  Comp. 
Great  Oolite,  Bernese  Jura,  Thur, 

6.  —  vagans.  Sow,    Coral  Hag,  ^'orks.  and  Oxford;  Calc.  Grit,  York*., 

Phil.;  For.  Marb.,  Norm.,  De  C. ;  Sandst.  and  Rubbly  LimesU, 
Braambury  Hill,  Brora,  Murch.;  For.  Marb.,  Wilts,  Lorn.. 
Oxf.  Clay,  Comp.  Great  Oolite,  Bcrnosc  Jura.  Th»r. 

•  Exogyra  virgiila,  f'oltt. 
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Pectea  fibrosiis,  Smp.  Kel!.  Rock  and  CombrMh,  Yorlw.,  PhU. ;  Coral 
Rap,  Kcll.  Rock,  C'orrih.,  For.  Marb.,  Brad.  Clay,  and  Infi 
Ooiitc,  Mid. and  S.  ling.,  Conyh.;  Coral  Rag,  Norm.?  D«  C.f 
Comb,  and  For.  Marb.,  N.  of  Fr.,  Bobl. ;  For.  Marb.  i  Mau^ 
riac,  .S.  nf  Fr.,  Diifr, ;  Rubbly  Limestone,  Src,  Braambury 
Hill,  Brora,  March.;  For.  Marb.,  Wilts,  Lons. ;  Solcure, 
llocn.  ;  C'uhnbacb,  G.  T. 

%'ir«i]ifcrus,  P/til. ;   Inreriur  Oolite,  Yorks.,  PAiL 

subkevis,  1'.  H'  H-     Lias,  Yorks.,  Phil. 

— sequivalvis,  Sotc.     Lias,  Yorks., /'AiV. ;  Inf.  Oolite,  Mid.  and  S. 

Eiig.,  Conyb. ;  Lias,  S.  of  Fr.,  Dufr. ;  Lias,  Western  Islands, 
Scotl,  Murch.;  Inf.  Oolite,  Env.  of  Bath,  Loiu.;  Inf.  Oolite, 
Calvados,  DfU. 

lamellosns,  Saw.     Portland  Stone,  Coni/b. 

arc nalu!>,  .Sow.  Coral  Rag,  Mid.  and  S.  Eng  ,  Cotti/b. ;  Portland 

Beds,  Kim.  Clay,  Ff ante  Saone,  Thir. ;  Kim.  Clay,  Bernese 
Jura,  Thur. 

similis,  -Sow.     Coral  Rag,  Mid.  and  S.  Eng.,   Conyb.;  Coral 

Rag,  Norm.?  De  C. ;  Great  Oolite,  Haute  Saone,  Thir. 
lauiinatus,  Sme.     Cornb.,  .Mid.  aiitl  S.  Fn^.,  Conyb. 

barbatus,  Sow.      Inf.  Onlite,   Diiritlry,   Conyb.  ;   l4as,  Norm., 

De  C;   Inf.  Oolite,  Liiis,  Fn»'.  of  Bath,  Lons. 

vimiucus,  Sow.     Oxford  Cla}",  For.  Marb.,  and  Inf.  Oolite, 

Norm.,  De  C. ;  Forest  Marble,  Malton,  Sow. ;  Rubbly  Lime- 
stone, Sic,  Bruambtiry  Hill,  Brora,  Murch.;  Coral  Rag,  Haute 
Saone,  TAir. ;  Coral  Rag,  Yorksb.  and  Oxon,  Phii.  ;  CaJe. 
Grit,  Oxf.  Clay,  Bernese  Jura,  I'hur. 

' obscurtis,  Sow.     Stonestfield,  .yew. ;  For.  Marb.  ?  Mauriac,  S.  of 

Fr.,  Diifr. 

annulatns,  Soiv.     Comb.,  Felmers,!iani,  Marsh. 

marginatus,         .     Wasseralfingcn,  //«•«. 

. squamosns,  J'on  /inch.     Lia.s,  Weissenbiirg,  (i.  T. 

Phillipsii,  f'ol/z,     Comp.  Great  Oolite,  Bernese  Jiura,  Thur. 

— paradoxus,  Muntt.     Inf.  Oolite,  DtTnese  Jura,  Tkur. 

jtriatus,  Suu:     Inf.  Oolite,  Bernese  Jura,  Thur. 

cortieus,  .     Great  Oolite;  Inf.  Oolite,  CalvadoB,  DeML 

personatua,  Goleif.     Mistelgau;  Wasseralfingen,  G.  T. 

— — ^  dentatus,  Sow.     Lias,  BoUerbad,  G.  T. 

eontrnrius.  Van  Buck.     Lias,  Wittberg;  Metzingeo,  O.  T. 

• caniiltculatus,  Gold/.     Lias,  Culmbach,  G.  T. 

Monotia  salinitria,  IJronn.     Regensberg,  G.  T. 

itimilis,  Munst.     Pnppenlieim,  G.  T. 

decussatii,  Munst.     Ilildctheira  ;    Biikkcberg;    Suntel;  Wett- 

bergen,  G.  T. 

coTicinnus,  GoMf.     Minden ;  IVurtemborg,  G.  T. 

Plagjostomn,  lipvinsculum,  .Vfrti'.  Coralline  Oolite,  Yorks.;  Coral  Rag 
and  Calcareous  Grit,  Oxon,  Phil.  ;  Coral  Rug,  Martbon,  S.  of 
Fr,  Dufr. 

tigidum,  Sow.     Coralline  Oolite,   Yorks. ;    Coral   Rag,   O.'cou, 

Phil.;  Ijif.  Oolite,  Dundry,  Conyb.;  Coral  Rag,  N.  of  Fr., 
BobL;  Coral  Rag,  Hnute  Saone,  Thir. 

rusticum,  Sow,     Coralline  Oolite,  Yorks.;  Calc.  Grit,  O.^ion, 

Phil. 

dii]>ticatiim,  Sow.     Coralline  Oolite,   Oxford  Clay,   and  Kcll. 

liock,  Yorks.,  Phil.;  Inf.  Oolite,  Norm.,  Dr  C. ;  DunroWu 
Oolite,  Scotl.,  Murch. ;  Lias,  Env.  of  Batli,  Lons. 

rigidutum,  Phii.     C«mbrasb,  Yorks.,  Phil. 

interstinctum,  Phil.     Cornb.  and  Great  Oolite,  Yorks.,  Phil. 

2  N 
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Plagioatoina  cardiiforme,  Sow.  Petty  France,  Gloucestershire,  SUm- 
hauer ;  Great  Oolite,  Yorka.,  Phil.;  Comb,  and  For.  Mwb., 
N.  of  France,  Bobl. 

, '  gig&nteum,  .^w*     Inf.  Oolite  and  Lias,   York*.,  Phil. ;  Int 

Oolite,  Uundry  ?  Lias,  Mid.  and  S.  Eiig.,  Cont/b. ;  Liii, 
Norm.,  De.  C. ;  Lias,  N.  of  Fr.,  Jiobl. ;  Lias,  Western  !•- 
landa,  ScolL,  Murch. ;  Inf.  Oolite,  Haute  Saone,  Thir. ;  Bah- 
litigen,  i/arn. ;   Lias,  Malscli,  near  Heidelberg,  Bronn. 

obscurum,  Sow.     Kell.  Ruck,  Mid.  and  S.  £ng.,  Conjfb. 

pectinoide,  Sow.    Lias,  Yorks.,  Phil. ;  Shale  and  Grit,  Reefilt 

Duurobin,  Scutl.,  Murch.;  Lioa,  Vachingcn ;  Waldhacnjer- 
hof,  G.  T. 

—  punctatum,  Sow.     Inf.  Oolite,  Dundrj-.    Lias,  Mid.  and  S.  En- 

fland,  Conyh. ;  For.  Morb,  and  Inf.  Oolite,  Norm..  De  C.  ; 
lias,  N.  of  France,  Bobl. ;  Lias,  S.  of  France,  Dufr. ;  Lias, 
Western  Island?,  ScotL,  Murch.;  Inf.  Oolite,  Bareodorf; 
Tbumau,  Munst. 

sulcatum.     Liiis,  ii.  of  France,  Dufr. 

ovale,  Soto.     For,  Marb.?  Mauriac,  S.  of  France,  Dufr. 

Hermanni,   Volix.     Lias,  Alsace,   I'oltz;  Lias,  £n v.  of  Bath, 

Lofu.  {  Lias,  Lyme  Itegis,  De  la  B. 
— — —  obliquatum,  Sow.     Sandstone  and  Limestone,  Braarobury  Hill, 
Brora,  Sandst.,  Limesit.,  and  Shule,  inverbrora,  Scot!.,  Murek. 

—  ■    -  acuticostatum.  Sow,     Sandst.,  Limest.,  and  Shale,   Inverbrora, 

Scotl.,  Murch. 

concentricum,  Sow.      Lias,  Ros.s  and  Cromarty,  Scot].,  Murrk. 

—  tiansversum,  fon  Buck.     Nipf,  Bupfingcn  ;  Stufcnberg,  G.  T. 

-— ,  species  not  determined.  Bradford  Clay  and  Great  Oolite,  Mid. 
and  S.  Eng.,  Contfb.;  Lias,  Gundershofen,  Vollr  ;  Kim.  Cbiy, 
Bemefte  Jura,  G.  T. 

PosidoniA  Bronni,  Gold/.     Lias,  Ubstadt,  near  Bnicbsal,  Hoen, 

Lima  rudis.  Sow.  Coralline  Oolite,  Calc.  Grit,  Kell.  Rock,  and  Great 
Oolite,  Yorks.,  Phil. ;  Coral  Rag,  Mid.  and  S.  Eng..  Conyi., 
Coral  Rag,  N.  of  Fr.,  Boll.;  Rufably  Limestone,  ic,  Braam- 
bury  Hill,  Brora,  Murch. 

proboscidca,  4'ou'.  Inf.  Oolite?  Yorki.,  Phil. ;  Inf.  Oolite,  Dun- 
dry,  Conyft.;  Oxford  Clay,  For.  Marb.,  and  Int  Oolite,  Norm., 
De  C  ;  hif  Oolite,  Haute  Saone,  77(ir.;  Soleure,  B61e, //om.  ; 
Coral  Rag,  Weymouth,  Sfd^. ;  Inf.  Oolite,  Barendorf ;  Thar 
QBU,  Muiitt. ;  Calr.  Grit,  Bernese  Jiirn,  Tkur. 

gibbosa,  Sow.     Cornb.  and  Inf.  Oolite,  Mid.  and  S.  Eng.,  Cemtfb.; 

Great  Oolite,  Calvados,  Her. 

- — -  antiqua,  .Sow.  Lias,  Mid.  and  S.  Eng.,  Conifb. ;  Lia.s  S.  of  Franc*. 
Dufr.;  Inf.  Oolite,  Haute  Saont,  Thir.;  Elligser  Brink,  G.  T. 

hetcromorpiia,  De»l.     Inf.  Oolite,  Calvados,  Ilrr. 

,  species  not  determined.     Great  Oolite,  VVillji,  Lotu. 

Avicula  expansa,  Phil.  Coralline  Oolite,  Oitford  Clay?  KeU.  Rock  and 
Great  Oolite,  Yorks.,  Phil. 

ovalis,  Phil.     Coralline  Oolite  and  Calc.  Grit,  York*.,  PhU. 

elegantissima.  Bean.     Coralline  Oolite,  Yorks,,  Phil. 

tonsipluma,  V.  S;  B.     Coralline  Oolite,  Yorks.,  Phil. 

Braambiiriensin,   Sow.      Sandstone,    Braambury    Hill,    Brori, 

Murch. ;  Kell.  Hock,  Great  Oolite,  and  Inf.  Oolite,  York*., 
Phil.;  Inf.  Oolite,  Bernese  Jura,  Thur. 


*  Lima  gigantcn,  Dcshayes.  The  same  author  considers  that  the  genui  Plagi*- 
itoma  of  Sowrrhy  and  Lamarck  nhould  be  suppressed,  the  itpecies  rorufXMini;  it 
boing  referrible  either  to  Spoifdylm  or  lo  Lima. 
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11. 

13. 

1. 


Lvicula  ina^qulvalvis.  Sow.    luf.  Oolite  and  Lias,  Yorks.,  Phil. ;  Great 

Oolite  and  Inf.  OoJite,  Norm.,  De  C. ;  Lia«,  S.  of  Fr.,  Dufr.; 

Great  Arenaceous  Formatioiv,  Western  Islandfi  \    and  Shell 

Limeit.  and  Grit,  Portgower,  Scotland,  Mstrch. ;  Lia«,  Ljthb 

Regis,  De  la  B. .-  Uahlinglien,  H<sn. ;  Lias,  Gandershofen, 

Voltx;  Full.  E.,  Inf.  Oolite,  and  Lias,  Env.  of  Bath,  Lans.; 

Lias,  Calvados,  ^^r.;  WiD^oldingeri;  Nipf,  Bopfingen;  Banz; 

Lias,  Mciggliiigen;  Baireuth,  G.  T. 
echinata,  Soio,    Lias?  Yorks.,  Phil.;  Cornb.,  Mid.  and  S.  Eng., 

Conyb. ;  For.  Marb.,  Norm.,  De  C;  Brad.  Clay,  Comb.,  and 

For.  Marb.,  N.  of  Fr.,  Btibl. ;  Great  Oolite,  Haute  Saone, 

Thir, ;  Full.  E.,  Env.  of  Bath,  Lons. ;  Inf.  Oolite,  Bernese 

Jura,  Tbur. 
cygnipcs,  1'.  Sc  B.    Lias,  Yorks.,  Phil.;  LiaB,  Western  Islands, 

Scotl.,  Murck. 
coiitata,  Sou\     Conib.  and  Brad.  Clay,  Mid.  and  S.  Eng.,  Inf. 

Oolite,  Drmdry,  Comfb. ;  For.  Marb.,  Norm,  De  C. 

lanceolata.  Sow.     Lias,  Lyme  Kcgis,  De  la  B. 

ovata,  Swv.     Stoue.sfield  Slate,  Soie. 

Munsteri,  Broun.     Lias,  Malsch,  Heidelberg,  Bronn. 

InDceramu«  dubiiis.  Sow.     Lias,  Yorks.,  Phii. ;  Lias,  Osnabhick ;  Gr. 

Gschaid,  G.  T. 
Gervillia  aviculoides,  Sow.     Coralline  Oolite,  Yorks.,  Calcareous  Grit, 

Oxfordshire,  PkU.;  Oxford  Clay,   Mid.  and  S.   F,ng.,   Inf. 

Oolite.  Dundry  Hill,  Cotii/b. ;  Osford  Clay,  Norm.,  Dtla  B.; 

Sandst.,  Limest.,  and  Shale,  Inverbrora,  Scotl.,  March.;  Lias, 

Gunderahofeo,   Foltz  :   Coral  Rag,  Weymouth,  Sedff. ;    Inf. 

Oolite,  B-irendorf ;    Thurnau,   Muntt. ;    Cak\  Grit,  Bernese 

Jura,  Tkiir.;  Boll;  Neuhauaen,  Germs;  Graefenberg,  Niirn- 

bcrg,  G.  T. 

?  acmUl,  Sow.    CoUvwesfon,  A'oK'. ;  Great  Oolite,  Yorks., /"Ai/. 

lata,  Phii.     Inf.  (Jolite,  York*.,  Phil. 

-^ pcmoides,  Zlf»/.     Oxford  Clay,  For.  Marb.,  Great  Oolite,  and 

Inf.  Oiilite,  Norm.,  De  C. 

siliquB,  Detl.     Oxf.  Clay  and  For.  Marb.,  Norm.,  De  C. 

monotis,  Dal.     For.  Mnrb.,  Norm.,  De  C. 

costellata,  Detl.     For,  Marb.,  Norm.,  De  C. 

,  species,  not  stated.    Coral  Rag,  Norm.,  De  C;  Kim.  Clay  and 

Inf.  Oolite,  Haute  Saone,  77iir.  ,•  Kim.  Clay,  Bernese  Jura, 

Thur. 
Perra  quadrata,  Sou.:     Coralline  Oolite,  Kell.  Rock,  and  Great  Oolite, 

Yorks.,  Phil. ;  Comb.,  Bulwick,  Sow. 
mytiloides,  Lam.  Lias,  Gandershofen,  t'ottz  ;  Oxford  Clay,  Divo«, 

Normandy,  ZJmA.;  Neuhausen,  Germs;  Wisgoldftngen  ;  Bop- 

fingen;  Inf.  Oolite,  Metzingcn;  Kahleberg,  Echte,  G.  T. 
— — •  plana,  Thur.     Kim.  Clay.  Bernese  Jura,  Thur. 

,  species  not  determined.     Oxford  Clay.  Yorks.,  Phil. 

Crenatiila  vcntricosa.  Sow.  Husband  Bo.'tworth,  Leicestershire,  Conyb.  f 

Gloucestershire,  Sow. ;  Lias,  Vorks.,  Phil. 

,  species  not  determined.     Portland  Stone,  Conyb. 

Trigonellitps  antiquatua,  PkU.    Coral.  Ooliie,  Yorks.,  PkU. 

^-^ politus,  Phil.     Oxford  Clay,  Yorks.,  Phil. 

Pinas  lanceolata,  Smv.     Coralline  Oolite  and  Calcareous  Grit,  York^^ 

Phil,;    Inf.  Oolite,   Dnndrj%   Conyb.;  LJBS,  Norm.,  De  C; 

Oxford  Clay,  N.  of  Fr.,  BobL  ;  Coral  Rag,  Weymouth,  Sedg.; 

Soleure,  G.  T. 

mitjs,  PhU.     Oxford  Clay  and  Kell.  Rock  ?  Yorks.,  Phil. 

cuaeata.  Bean.     Cornbrash  and  Great  Oolite,  Yorks.,  Phil, 
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4.  Pinna  Foliura,  Y.  S(  li.     Lias,  Yorka.,  Phil. 

5.  pinni^cna.  Coral  tiug,  For.  Marb.,  and  Inf.  Oolite,  Norm., 

Dc  C. 

6.  gmnulata,  Sow.     Kim.  Clay,  Weymoutb,  Sedg.;  Kim.  Clay,  Ca- 

hors,  S.  of  Fr.,  DuJ'r. ;  Uas,  Skye,  Murch. 

7.  dUuviana,        .     Lias.  Kaltentlial ;  Plicningen,  Stuttgardt,  G.  T. 

,  speciei  not  detcrtnined.     Inf.  Oolite,  Env.  of  Bath,  Loiu. 

1.  M^-lihis  cuneatus,  P/iil.     Inf.  Oolite,  York*.,  PJiii. 

2.  — auiplus,         .     Great  Oolite,  Norm.,  De  C. 

3.  —  pettitiatua.  Sou-.     Kim.  Clay,  Weymouth,  Sedgwick ;  RocheDe 

Limestone,  Dufr. 

4.  siibloevis,  Sow.     Cornb.,  Eng.,  Sow. 

5.  solenoidea,         .     Kim.  Clay,  Cahors,  S.  of  Fr.,  Dirfr. 

6.  —  Jurensis,  Merian.     Kim.  Clay,  Bernese  Jtiro,  Thur, 

,  species  not  dotonnincd.     Conil  Rag  and  Inf.  Oolite,  Mid,  and 

S.  Etig.,  Cont/b. ;  Coral  Kng,  Norm.,  De  C. ;  Portland  bcda. 
Haute  Saone,  Thir. 

1.  Modiola  imbricata,  Sow.     Coralline  Oolite?  and  Great  Oolite,  Yorks., 

Ph'd.;  Cornb.,  Mid.  and  S.  Eng.,  Conyb.;  Comb.,  Wilts,  Lom. 

2,  ungulata,   1'.  S(  B.     Coralline  Oolite,  Great  Oolite,  and  Inf. 

Oolite,  Yorks.,  PhH. 

.■J.  — — —  bipartila,  Sow.  Cnlc.  Grit,  Yorks.,  Phil.;  Sandatone  and 
Limestone,  Braambury  Hill,  Brora,  March. 

4.  cunenta.  Sow.     ONford  Clay,  Kell.  Kock?  and  Comb.,  Yorki., 

Phil.;  Inf.  Oolite,  Mid.  nnd  S.  Eng.,  Conyb.;  Lias,  Norm., 
De  C.  ;  LiflR,  Western  Islands,  Scotl. ;  Sandst.,  Lirocst,  and 
Sliale,  Inverbrorn,  .Scofl.,  Murch. ;  Hohenttein  ;  Ferriferotn 
Oolite,  Bavaria  and  Wurt<'mberg,  Mutut. ;  Comp.  Grett 
Oolite,  Bernese  Jura,  Thur. 

—  ptilchra,  Phil.     Kell.  Rock,  Yorks.,  Phil. ;  Oolite,  Sutherland. 

—  plicnta,  Sow.  Inf.  Oolite,  Yorks.,  Phil.;  Comb-,  Mid.  and  S. 
Eng.,  Inf.  Oolite,  Dumlrj-,  Conyb.;  Portland  Beds,  Haute 
Saone,  Thir. ;  Full.  E.,  Somerset,  Lon§. ;  Portland  Beds, 
Kim.  Clay,  Bernese  Jura,  Thur. 

—^  aspcra.  Sow.  Inf.  Oolite,  Yorks.,  Phil. ;  Cornb.  Mid.  and  S. 
Eng.,  Conyb. 

—  Scalpnim,  Sow.  Lias,  Lyme  Regis ;  Lias,  Yorka.,  Phii.;  Liu, 
.S.  ofFr.,  /)w/r. 

—  Hillana,  Sow.  Lias,  Yorks.,  Phil. ;  Lias,  Mid.  and  S.  Eng., 
Conyb. ;  Full.  E.  f  Env.  of  Bath,  Lotu. 

—  ]ipvi9.  Sow.     Lias,  Mid.  and  S.  Eng.,  Conyb. 
depressa,  Sow.     Lias,  Mid.  and  S.  Eng.,  Conyb. 

LIbp,  Mid,  and  S.  Eng.,  Cunyb, 
Oxford  Clay,  N.  of  Fr.,  Bobl. 
Shale  and  Grit,   Dunrohin   Reefs,  &c,  Scotl., 


minima,  .Sow. 

tulipen,  Lam, 

pallida,  Smp. 

Murch. 

gibbosa.  Sow.     Inf.  Oolite,  En%-.  of  Bath,  Long. 

—  livida.  Gold/.     Metz,  G.  T. 

ventricoaa,  Goldf.     Sokure,  Hcpn. 

- — — '  Tbirrite,  Vollz.     Kim.  Clay,  Bernese  Jura,  Thnr. 

striolaris,  Merian.     Kim.  Clay,  liernese  Jura,  Thur, 

elegans,        .     Great  Oolite,  Calvados,  Her. 

eequiplicata,  I'on  Strombeck.     Kadlebcrp,  Echte,  G.  T. 

-— ,  species  not  determined.  Lia!»,  Gunderahufen,  Voltx. ;  Lias,  Balli, 

Long. 
Litbodomua  Sowerbii,  Thur.     Coral  Rng,  Bernese  Jnrn,  Thnr. 
,  species  not  determined.     Inf.  Oolite,  N.  of  Fr.,   HoU.:  Inf 

Oolite,  Env.  of  Bath,  Lons. 
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1.  C'littiiiA  uiima,  or  Grypha:a  mima,  Phil.  Coral.  Oolite  and  Calc.  Grit., 
Yorks.,  Phil. 

2.  '.'  craasa,  Smith.     Bradford  Clay,  Mid.  and  S.  Eng.,  Cout/i. 

3.  Berno-jurensis,  T/iur.     Calc.  Grit,  Bernese  Jtira.  7V(«r. 

,  species  not  determined.     For.  Marb.,  Corub.,  aiid  Urad.  Clay, 

Wilts,  Lopt. 

1,  Unio  peregrin  iw, /'AiA     Comb.,  York».,  P/ii/. 

2.  abdiictns,  Phil.     Inferior  Oolite  and  Lias,  Yorks.,  Pkil. 

3,  ^— conciimu.s -Voic.  Lias,  York*.,  Phil.;  Inf.  Oolite,  Mid.  and  8. 
Eng.,  Conyb. :  Inf  Oolite,  Lias,  Enr.  of  Batb,  Lorn,;  Lias, 
Mogglingen,  Gmiindt,  G.  T. 

4.  crassiugculua,  Sow.     Lins,  Yorks.,  Phil. 

&.  Listen,  Soil:     Lioa,  Yorks.,  Phil. ;  Inf.  Oolite,  Mid.  and  S.  £ug., 

Conifb. 
6.  crassissinius,  Soio.    Lias,  Mid.  and  S.  Eng.,  Conyb.;  Lias,  Norm., 

De  C. ;  For.  Marb. .'  Mauriac,  aitd  Inf.  Oolite,  Uzer,  S.  of 

Fr.,  Dufr. 
1.  Trigonia  coatata.  Sow.    Corallhie  Oolite,  Great  Oolite,  and  Inf.  Oolitf>, 

Yorks.,  Phil. ;  Cornb.,  For.  Marb.,  and  Brad.  Clay,  Mid.  and 

S.  Engl.,   Inf.  Oolite,  Diindry,   Contfb. ;   Oxford  Clay,  For. 

Marb.,  and  Inf.  Oolite,  Norm.,  iJe'C. ;  Oxford  Clay,  N.  of 

Fr.,  Bobt. ;  Rim.  Clay  and  Inf.  Oolite,  ilaute  Saone,  Thir. ; 

Lias,  Gundcrsbofen,  Foltz  ,■  Inf.  Oolite,  Env.  of  Bath,  l.oiut. . 

Coral  Rag,  Weymouth,  Sedij. ;  Porta  WcstphaUca;  Hohcn- 

b  stein,  Mnnst. ;  Baciz,  O.  T, 
clavcllata,  Sow.  Cornllinc  Oolite,  Kell.  Rock,  and  Conib.,  Yorks., 
Phil.;  Portland  Stone  and  Cornb.,  Mid.  and  S.  Engl,  inf. 
Oolite,  Dutidrv,  Cum/b. ;  O.vforJ  Clay,  Norm.,  De  la  B. ; 
Oitford  Clay,  N.  of'pr.,  Bobl.;  Kim.  Clay?  Angouk^me, 
Dufr.;  Sanilst.,  Shale,  &c.,  Inverbrora,  Scot!.,  March.;  Coral 
Rag  and  Inf.  Oolite,  H.intc  Saone,  Thir. ;  Coral  Rag,  Wey- 
nioulli,  Sfdff. :  Kim.  Clay,  Cak.  Grit,  Bernese  Jura,  Thur. ; 
Wisgoldingen ;  Stufenberg;  Ehningen  Sandstone,  G.  T. 

3.  coujungens,  Pkii.     Great  Oolite,  York.s.,  Phil. 

^^  4.  striata,  6'oit'.  Inferior  Oolite,  Yorks., /*A<7.;  Inf  Oolite,  Dnndry, 

^L  Couyh.;  Inf.  Oolite,  Norm.,  De  C. ;  Lias,  S.  of  Fr.,  Dtifr. 

^B  6.  angulato,  Snw.     Inf.  Oolite,   Yorks.,  Phil.;  Inf.  Oolite,  near 

^H  Frumc,  Sow. 

■  6.  literata,  1'.  S^  B.     Lias,  Yorks,,  Phil. 

^H  7.  '  gibbosa,  Sow.     Portland  Stone,  Conyb. ;  Forest  Marb.,  Norm., 

■  De  C. 

^A  8.  duplicata.  .S'o<f.     Inf  Oolite,  Mid.  and  S.  Eng.,  Conyb.;  Fur. 

^B  Marb.,  Norm.,  De  C. 

^K  9. elongata.  Sow.     Oxford  Clay,  Norm.,  De  C. ;  Oxford  Clay, 

^B  Eng.,  Sow. ;  Great  Oolite,  Alsa<'e,  f'oUx ;  Cornb.,  Wills,  Loin. 

^piO.  — inibricafa.  Sow.     Great  Oolite,  Ancliff,  Wilts,  Cook*vn, 

^■11.  ~  cuspidata,  Sow.     Great  Oolite,  Ajictiff,   Cook»on;    var.  Corul 

^»  R*l?i  Haute  Saone,  Tfiir. 

12,  Pullus,  Smt'.     Great  Oolite,  AncJifi",  Cookson. 

13,  navis,  Lam.     Lias,  Gundcrxhofen,  f'o/U. 

14.  iticurva,  Benett.     Portland  Beds,  Tisburj",  Wilts,  Benett. 

15.  noduloaa,  Lorn.     Kim.  Clay,  Havre;  Bray,  Pa*. 

,  species  not  deterroined.  Coral  Rag,  MidL  and  S.  Eng..  Conyb,; 

Coral  Rag,  Norm.,  De  C. 
Nucula  eltiptica,  Phd.     Oxford  Clay,  Yorks.,  PhU. 

mida,  Y.  I<f  B.     O.xfi.rd  Clay.  Yorks.,  Phit. 

variabih's,  Sow.     Great  Oolite  and   Inf.  Oolite,  Yorki.,  Phil. ; 

Great  Oolite,  Andiii|  nciu-  Bafli,  CuoknoH. 
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Nucula  Lachr^ma,  5ov.     Great  Oolite  and  Inf.  Oolite,  Yorks.,  Pkil. ; 
Great  Oolite,  AncliH',  Svu: 

• axinifurmis,  Phil.     Interior  Oolite,  Yurlu.,  P/tU, 

Ovum,  iW.     Lias,  Yorks.,  Phil. 

peciinata,  Sou>.     Oxford  Clav,   Norm,,  De  C;  Bnkd,  Cliy! 


Wilts.  LonM. 
clanformis, 
mucronato,  Sow. 

G.r. 

Suhlii,  Bronn. 


Lias,  S.  of  Fr.,  Dufr. 

Great  Oolite,  Anclifi;  Wilts,  Cooktou ;  Bant, 


Lias,  LHtstadt,  near  Heidelberg,  Bromu 

acuminata,  Merian.     Oxf.  Clay,  Bernese  Jura,  Tfiur. 

medio-jurensis,  Thur.     Oxf.  Clay,  Bernese  Jura,  Tkur. 

Hanuueri,  DeJ'r.     Gundersliofen,  G.  T. 

— lobata,  fori  Bitch.     Metziiigen ;  Nipf.,  Bopfingen,  G.  T. 

subovalis,  Goldf.     Wasseralfingcn,  G.  T. 

rostrata,  Goldf.     Wasaerallingen,  G.  T. 

elongata,  GoUlf,     Wasseralfingen,  G.  T. 

' arcacea,  Goldf.     Banz ;  Baireutb,  G.  T. 

— ,  species  not  determined.     Coralline  Oolite,  Yorks.,  Phil. ,  Inf. 

Oolite,  Dundry ;  Lias,  Mid.  and  S.  Eng.,  CouyO. ;  Kim.  Cliiy, 

Bcrne«e  Jura,  Thur.;  Lias,  Bahlingen,  G.  T. 
Pectunculus  minimus,  Sow.     Great  Oolite,  .^ncliff,  Wilts,  CooIcmoh. 

oblongus,  Soto.     Great  Oolite,  AnclilF,  Wilts,  Cookstm. 

Area  quttdrisulcata,  Sow.     Coral  Kag,  Multuu,  Sow.     Coralline  OoIit% 

Yorka.,  Phil. 

temula,  Phil.     Coralline  Oolite,  Yorka.,  Phil. 

pulchra,  Sow.     Great  Oolite,  /Incliif,  Wilts,   Cookton ;  Rocl 

Limestone,  Dufr. 

— trigonella,         .     Wasseralfingen,  I/aen. 

elongata,         .     'Wasseralfingen,  llcen. 

rostrata,  .     Wa«eralfingen,  Hven. 

medio-jurcnsis,  Thur.     O.xf.  Clay,  Bfrncse  Jura,  Tkur. 

— — ,  species  not  determined.     Lias,  Mid.  and  S.  Eng.,  Ctrnyb. ;  Bp 

Clay,  Wilts;  FuU.  E.,  Inf.  Oolite,  Euv.  of  Bath,  Lvnt.;  Kin. 

Cloy,  Bernese  Jiu^,  Thur. ;  Lias,  near  Heidelberg,  Breim, 
Cucullffia  obloDga,  Sow.     Coralline  Oolite,  Yorks.,  Phil. ;  Inf.  Oolite, 

Dundn,',  Coni/b.;  Inf.  Oolite,  BiircndoTf;  Thumau,  i^ 

contracla,  Phii.     Coralliite  Oolite,  Yorks.,  P/iil. 

■ triangularis,  Phil.     Coralline  Oolite,  Yorks.,  PAil. 

pecCinata,  Phil.     Coralline  Oolite,  Yorks.,  PhU. 

elongata.  Sow.     Coralline  Oolite  ?  and  Great  Oolite,  Y'o 

Phil. ;  Rochelle  limestone,  Dufr.     Cross  Hands,  Gloucesi^^ 

shire,  Steinhaaer. ;  Winzingen,  Wisiroldingen,  G.  T. 

concinna,  Phil.     Oxford  Clay  and  Kell.  Rock?  Y'orks.,  Phii 

imperiali.H,  Bean.     Great  Oolite,  Yorks.,  Phil, 

cylindrica,  Phil.     Great  Oolite,  Yorks.,  Phil. 

■  cancellata,  Phil.     Great  Oolite,  Yorks.,  Phil. 

' — — —  reticulata.  Bean.     Inf.  Oolite,  Yorks.,  Phil. 

minuta.  Sow.     Great  Oolite,  Anclilf,  Wilts,  Coo/t*o«i. 

rudis,  Sow,     Great  Oolite,  Ancliff,  Wilts,  CookMM. 

parvnla,  Mumt.     Oxf.  Clay,  Bernese  Jura,  Thur, 

. —~  decusssata,  .Sow.     Mistelhocb,  Bairculli,  G.  T.  _ 

,  species  not  determined.    Oxford  Clay,  Haute  Saone,  Tlur. 

Yorks.,  Phil.;  Lias,  Mid.  and  S.  En^.,  Conyb. 
Hippopodiuin  ponderosum,  Smv.     Coralline  Oolite  and  Lias 

Phil.;  Lias,  Mid.  and  .S.  Eng.,  Conyb,;  Inf.  Oolite, 

dog,  Desl. 
Iiocardia  rhomboidalis,  Phil.     Coralline  Oolitf,  Yotka^  Phil. 
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11. 


I 


io. 
11. 


Isocardia  tuniida,  Phil.     Calc.  Grit.,  Yorks.,  Phil. 

—  minima.  Sow.  Cornb.  and  Great  Oolite  1'  Yorks.,  Phil.;  Comb., 

Wills,  Lont. 
^—^—  coacetitrica,  Smo.    Great  Oolite  and  Inf.  Oolite,  York*.,  Phil. ; 

Cornb.,  NorthamptotiBJure,  Sow.;  Full.  E.,  Somerset,  Loiu.; 

Inf.  Oolite,  CulvadoSf  Desl. 
— . — -  angulata,  PAH.     Great  Oolite  f  Yorks.,  P/tiL 
ro»trata,  Sow.    Gloucestersliire,  Sow.    Iiif.  Oolite,  Yorki.,  Phil.  ; 

Comp.  Great  Oolite,  Bpmese  Jura,  Thnr. 
■ striata,  D'Orh.    Kim.  Clay,  Portland  Beds,  Haute  Saone,  Thir.; 

Portland  Beds,  Kim.  Clsiy;  Bernese  Jura,  7'hur. 
' excentrica,  VoUx.     Portland  B«d8,  Kim.  Clay,  Bemeae  Jura, 

Thur. 

inflata,  Voltz.   Portland  Beds,  Kim.  Cloy,  Bernese  Jura,  Thvr. 

carinnta,  J'oltz.     Kim.  Clay,  Bcniese  Jura,  Thur, 

coBtulata,  I'oltz.     Kim.  Clay,  Bernese  Jura,  Thur. 

,  Bpecles  not  determined.     For.  Marli.,  Norm.,  Dr  C. 

Cardita  similis.  Sour.     Coralline  Oolite,  Great  Oolite,  and  Inf.  Oolite, 

Yorks., /^AiV. ;  Inf.  Oolite,  Dundry.  Conyb. 
tunulata,  Sou;.  Inf.  Oolite,  Dundry,  Conifb.;  Inf.  Oolite,  Norm., 

Dt  C. 

striata.  Sow.     Lias,  Norm.  ?  De  C.     Inf.  Oolite,  Bath,  Sow. 

" ',  species  not  determined,     Portland  Stone,  Coiiytb. 

Cardiutu  iobatum,  PhiL    Coralline  Oolite,  Yorks.,  Phil. 

^  -  ■   ^  dis-iimile,  Sow.     Kell.  Rock,  Yorks.,  Phil.;   Portland  Sfnne, 

Portland,  S(yw. ;  Hocks  of  the  Oolite  series,  Broumbury  Hill, 

Brora,  Murch. 

citrinoideum,  Phil.     Comb.,  Yorks.,  Phil. 

Copnatuni,  Phii.     Great  Oolite,  Yorks.,  PhiL 

acutangulum,  Phil.     Greet  Oolite  and  Inf.  Oolite,  Yorks., i*Ai7, 

scmiglabrum,  Phil.     Great  Oolite,  Yurks.,  Phil. 

inccrtum,  Phil.     Inf.  Oolite,  Yorks.,  Phii. 

- — —  strintuimn,  Sow.    Sajiilst.,  Limest.  and  Shale,  Inverbrora,  Scot- 
land, Murch.;  Inferior  ()olite,  Yorks.,  Phil. 

gibbpnihim,  Phil.     Inf.  Oolite,  Yorks.,  Phil. 

tnincatnm,  Sow.     Lias,   Yorks.,  Phil. ;  Sandst.,  Limest.,  &c., 

Inverbrora,  Murch. 

niultiro.ilutum,  lienrt.     hias,  Yorks.,  Phii. 

Myoconeha  crassa,  iVow.   Inf  Oolite,  Duiidrj',  Brackenridge ;  Inf.  Oolite, 

Nonnandy,  De  C. 
Astarte  •  cnneata,  Sow.   Portland  Stone,  S.  Eng. ;  Inf  Oolite?  Dundry, 

Conifb. 
excarata,  Soiv.   Inf  Oolite,  Dundry,  Contfb. ;  Inf.  Oolite,  Norm., 

De  C. ;  Bapfingen  ;  Lnuclilicina,  Banz,  G.  T. 
planata,  Sow.     Inf  Oolite,  Norm.,  DeC;  Bradf.  Clay,  N.  of 

Fr.,  Bohl. 

trigonalis.  Sou:     Inf.  Oolite,  Dundrj',  Johnttone. 

— ^^  orbicularis,  Soip.     Great  Oolite,  Anclitf,  Wilts,  Cookson. 

' — .  pumila,  Sow.     Great  Oolite,  Ancliff,  Wilti,  Cookton ;  Rochell* 

Limestone,  Ditjr. 

VoUsiii,  Ho'u.     Fullon,  near  Vesoul,  llmi. ;  Banz,  G.  T. 

medio-jurensis,  Thur.     Oxf.  Clay,  Bernese  Jura,  Thur. 

■ tnodiolaris,  Goldf.     Normandy;  Wurteniberg,  (7.  T. 

ovttta,  Smith.     Coralline  Oolite,  Wilts;  Oxon;  Yorks.,  Phil. 

elepans,  Sow.     Coralline  Oolite  and  Inf.  Oolite,  Yorks.,   f'hil. ; 

Rochelle  Limest.,  Di'J'r. ;  Shell  Limest.  and  Calc.  Grit,  Port- 
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Coralline  Oolite,  Yorlu.,  Phil. 
Coralline  Oolite,  Yorks.,  PJiil. 
Calc.  Grit,  Oxford  Clay,  and  Kell.  Rock^  Yorki^ 


Eower,  &c.,  March. ;    Limest,  Shale,  SondsL,  luverfaron, 

Myrch. 
Avtarte  aliena,  Phil. 

extetua,  Phil. 

carinatft,  Phil. 

Phil. 
— —  lurida,  Sow.  Inf.  Oolite,  Dundry,  Camyh. ;  Oxford  Clav,  Yorkt, 

PhiL 

minima,  Phil.     Great  Oolite,  Inf.  Oolite,  and  Liaa,  Yorki., 

Phil. ;  Kint.  Clay,  and  Coral  Rag,  Haute  Saone,  'fhir. 
,  species  not  deteniiiiu'd.  Lias,  Mid.  and  S.  Eng.,  C*/nyh. ;  C^nal 

Rag  and  Kim.  Clay,  Haute  Saone,   Thir.;  Cornb.,  W 

Lont. 
Venus  varicosa,  Sotc.     Fclmcrsham,  Sow, 

,  species  not  determined.  Coral.  Oolite,  Calc.  Cirit  and  Lias,  Yorkf., 

Phil. ;  Portland  Stone,  Smith  ;  Coral  Rag,  Norm.,  De  C*i 

Sandst.,  Shale,  &c.,  Inverbrora,  ScotL,  A/trrch. 
Cytherea  dolabra,  Phil.     Great  Oolite,  York*.,  Phil. 

trigoiidlaris,  f'oltz.     Lias,  Gundersliofen,  I'oUx, 

—  Uicinea,  f'oltz.     Lias,  Gundersholen,  I'oUs. 

cornea,  J'oU*.     Lias,  Gundersliofen,  I'oll-i. 

,  species  not  determined.     Cornllijie  Uulite,  Yorks.,  Phil. ;  Lias, 

N.  of  Fr.,  liobt. ;  Kim.  Clay,  Bernese  Jura,  Thur, 
PuUastra  recondita,  Phil.     Great  Oolite,  Yorks.,  Phil. 

oblita,  Phil.     Inf.  Oolite,  Yorks.,  PhU. 

,  species  not  determined.     Lias,  Yorks.,  Phil. 

Donax  Alduini,  .'II.  Brong.    Inf.  Oolite?  N.  of  Fr.,  Bohl. ;  Kim,  C; 

Havre  and  the  Jura,  ALBrong.;   Kim.  Clay.  Bernese  Jun, 

Thur.;  Nipf,  Boplingen;  Rautenberg,  Scheppenstadt;  KsUe- 

berg,  Echle,  G.  T. 
Saussurii,  >//.  Brong.     Kim.  Clay,   Beniese  Jnro,  Thur. ; 

berg,  Echte,  G.  T. 
Corbis  Ivevhf  Sow.     Coralline  Oolite?  Kell.  Rock?  Yurks.,  Phil. 

sham  Field,  Oxford,  Smith. 
—~  ovalis,  Phil.     Kell.  Rock,  Yorks.,  Phil. 

uniformia,  Phil.     Lias,  Yorks.,  PhiL 

Tcllina  anipliata,  Phil.     Coralline  Oolite,  Yorks.,  PhiL 

—  incerta,  Thur.     Kim.  Clay,  Beniese  Jura,  Thur. 

Psammobia  l^vigato,  Phil.     Coralline  Oolite,  Great  Oolite,  and  Inf. 

Oulite,  Yorks.,  PhiL 
Lucina  cra<i<4a,  Sow.     Sandstone  and  Rubbly  Limestone,   Braambury 

Hill,  Brora;  Great  Arenaceous  I-'orniaiion.  Western  lftland», 

Scotl.,  Murrh. ;  Calc.  Grit,  Yorks.,  PhiL;  Lincolnshire, -Voir 

lyrata,  PhiL     Kell.  Rock,  Yorks.,  PhiL 

• — . deapecta,  PhiL     Great  Oolite,  Yorks.,  Phil. 

Elsgaudia?,  Thur.     Kim.  Clay,  Bernese  Jura,  Thur 

" ,  species  not  stated.   Coral  Rag  and  For.  Marb.,  Norm.,  De  Ci 

Inf.    Oolite,  Yorks.,   Phil. ;   Shale,  &'c.    Inverbrora,   Scol 

.Vurch. 
Sanguinolaria  nndtilata,  Soip.    Sandst,  Liment.,  and  Shale,  Inverbrora, 

Scotl.,  \Fiirch.;    Calc.  Grit,  Oxford  Clay,  and  Corubi 

Yorks.,  PhiL 

elegiins,  Phil.     Lias,  Yorks.,  Phil. 

, species  nat  dcteniiined.  Lia.\  Rosa  andCromarty.Scotl.,  Mu 

Lias,  Yorks.,  Phil. 
Corbula  curtansata,  PhiL     Coralline  Oolite  and  KeU.  Rock,  Yoil 

PhiL 
— ■ doprcisa,  PhiL     Great  Oolile,  Yor  Vr.,  Phil. 
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Corbula?  cardioidus,  Phil.  Lia»,  Yorks,,  Phil.;  Lias,  OAcidiiigcn,  G.  T. 
obscura,  Sow.     Brora,  Miirch. 
-f  species  not  clctermtned.    For.  Marb.,  Wilts,  Lons. ;  Kim.  Clay, 
Benit'se  Jura,  T/iur. 


7. 

1*8. 


Mactra  gibbosa,  For.  Marb.,  Norm,  De  C. 

Ampliidesma  decurtatum,  PhiL   Comb,  and  Great  Oolite,  Yorks,  Phil.; 

Kim.  Clay /and  Great  Oolite?  Haute  Saoiie,  Tkir. 
-    recur vum,  PhiL  Coralline  Oolite?  and  Kell.  Rock,  Y orka., /'/li/. ; 

Kim.  Clay,  Havre,  Phil. 

securiforme,  Pftil.     Comb.,  Inf.  Oolite,  Yorks.,  Phil.;  KinOi 

t'lfty,  HavTf,  P/til. 

donacifomje,  Phi/.     Lias,  Yorks,,  Phil. 

rotundutum,  Phil.       Lias,  Yorks.,  Phil.;    Lias,   Bablingen; 

Waldhaeiiscrhof,  G.  T. 

Lutraria  Jtirassi,  Brotiff.     For.  Marb.,  Ligny,  Meuse,  Brong. 

Gaslrochwtra  tortiiosa,  Sow.     Inf.  Oolite,  Yorks.,  Phil. 

Mya  liternla,  Sow.  Coralline  Oolite,  Calc.  Grit,  Oxford  Clay,  Kelloway 
Kock,  Comb,,  Inf.  Oolite,  and  Lias,  Yorks.,  Phil.;  Shale, 
Sandstone,  and  Limcstoue,  Invcrbrora,  Scotl.,  Murch. 

depressa,  Sow.     Oxford  Clay  ?  Yorks.,  Phil. ;  Kim.  Clay?  Angoti- 

leme,  Ditfr.;  Kim.  Clay,  Havre,  Phil.;  Shale,  Limestone, 
and  Sandstone,  Inverbrora,  Scutl.,  Murch. 

calceiformis,  PhiL     Kell.  Rock,  Great  Oolite,  aud  Inf.  Oolite, 

Yorks.,  PhiL 

dilata,  Phil.     Inf.  Onlite,  Yorks,  PhiL 

srquata,  PhiL     Inf.  Onlite,  Yorks.,  Pliil. 

V  scripta.  Sow.  Inf.  Oolite,  Dundry,  Cwti/lt. ;  Great  Oolite,  Al- 
sace, Bro»g. :  Micaceous  Sandstone,  Westera  Islands,  Scotl., 
Murch. 

Mandibula,  Sow,     Kim.  Clay?  Env.  of  Angouldmc,  Dufr. 

^^—  angulifera,  Sow.     Great  Oolite,   Haute  Saone,    Thir. ;  Lias,  .Al- 
sace, f'oUz;  Fixlli-r's  Earth,  Environs  of  Bath,  Lom. ;  Calc»| 
Grit,  Bernese  Jura,  Thitr. 

Pholadomya  Murcliisoni,  Saw.  Sandstone,  Limestone,  and  Slmle,  In- 
verbroni,  Scotl.,  March.;  Coralline  Oolite?  and  Combrnsh, 
Yorks.,  PhiL;  Inf.  OoHte,  Normandy,  De  Catt. ;  Kitn.  Clay, 
Bernese  Jura,  Thur.;  Nipf,  Bopfingen;  Metzingen ;  Porta 
Westplialica,  G.  T. 

simplex,  Phil.     Calc.  Grit,  Y'orki.,  PhU. 

deltoidea,  Swv.     Calc.  Grit,   Yorks.,  PhiL;  Kell.   Rock  and 

Cornbrasli,  Midi,  and  S.  Engl.,  Conyb. 

obsoletn,  Phil.     Oxford  Clny  and  Kell.  Rock,  Yorks.,  Phil. 

—  ovalis,  Sow.    Cornbrasli,  Yorks.,  Phil. ;  Portland  Stone,  Co/iyb. ; 

Oxford  Clay,   Normandy,   DeC. ;  Kim.  Clay  ?  Angoul^me  ; 

Rochelle  Liincstonn,  Dufr. 
acuticoslata, .V'ou-.   Great  Oolite,  Yorka,  PhiL;  Kim.  Clay,  Cabors, 

S.  of  Fr.,  Dufr. ;  Kim.  Clay  ?  Angouleme,  Dufr. ;  Kim.  Clay, 

Haute  Saone,   Thir.;    Brora,  Farey ;  Portland  Beds,  Kim. 

Clay,  Bernese  Jura,  Thur. 

nana,  Phil.     Great  Oolite,  Yorks.,  Phil. 

producta,  ■SWi.     Great  Oolite?  y orkst.,  Phil. ;  Cornb.  and  Inf. 

Oolite,  Midi,  and  S.  Engl.,  Conyb. ;  Comb.,  \Vi!t,<i,  Long. 
obli<]uata,  Phil.     Great  Oolite,  Inf.  Oolite,  audi  Lias,  Y'orks., 

PhiL 
fidicula,  .you'.     Inf  Oolite,  Yorks.,  PhiL ;  Conik,  Mid.  and  S. 

of  Eng. ;   inf.  Oolite,  Dundty,  Conyh. ;  Lia^,  Norm.,  Dr  C. ; 

Cornb.,  Wilts;  F»ill,  E.,  Env.  of  Biitli,  Lam,;  Soleure,  iiaen.; 

Inf.  Oolite,  Haute  Saone,  Thir. 
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11.  Phoiadomya  obtuca,  Sow.     Inf.  Oulitr,  Dundry,  Conyb. 

12.  ambigua,  Soic.     Inf.   Oolit«,   Dundry,  Conyb, ;  Oxford  CUr. 

Nonn.,  De  C;  Liac,  S.  of  Fr.,  Dufr. ;  Lias,  Alsace,  f'oUi; 
Lia4,  Bath,  Lon*.;  Lias,  Soleure;  Lias  Bohlingen,  I'on  Jivck. 

13.  wquali»,  Sote.     Weymouth,  Sow.;  Inf.  Oolite,  Nonn.,  Dt  C; 

Liibbeeke,  Minden,  G.  T. 

14.  —  gibbosa,  Lias,  Norm.,  De  C. ;  Soleure,  If  an. 

15.  Protei,  Brong.     Rochelle  Limest.,  Dufr. ;  Kira.  Clay,  Hkm 

and  the  Jura,  Brong. ;  Portland  Beds  and  Kim.  Clay,  Haute 
Saone,  7'Air.;  Kim.  Clay,  Bernese  Jura,  Thur.;  Kahleben, 
Echte,  G.  T. 

16.  clathrala,  Afunft.     Bavaria;  Hohenstein,  Saxooy,  Munti. 

17.  angurtata,  Sow.     Kim.  Clay,  Calc.  Grit,  Bernese  Jura,  Tkur. 

18.  cardiiforrais,  Goltlf.     Mammers,  G.  T. 

19.  — concentrica,  Gotdf.     Soleure,  G.  T. 

20.  decussata,  GolJf.     Wurtcroberg,  G.  T. 

— ^1  species  not  determined.     Oxford  Clay,  Haute  Saone.  Tkxr.; 

Oxford  Clay,  Bernese  Jura,  Thur. 
1.   Panopsa  gibbosa.  Sou.     (jreat  Oolite  f  Yorkt.,  Ph^;    In£   Ooliu, 
Dundry,  Conyb. 

1.  Pholoi  recondita,  PAiL     Coralline  Oolite,  Yorks.,  Phii. 

2.  — ?  coropreasa,  Sow,  Kim.  Clay,  Oxford,  G.  £.  SmitA, 

MoLtDSCA. 

1.  Dentalium  giganteum,  P/iil.     Lias,  Yorks.,  Phil. 

2,  cyliiidricum,  Sow.     Lias,  Mid.  and  S.  Eng.,  Conyb. 

,  species  not  determined.     Calc.  Grit,  Yorks.,  Phil. 

1.  Patella  latissima,  Sow.    Oxford  Clay,  Yorks.,  Phil ;  Oxford  Clay, 

and  S.  of  £ug.,  Conijb. 

2.  rugosa.  Sow.     For.  Marb.,  Mid.  and  S.  of  Eng.,  Cough.;  F«. 

Marb.,  Norm.,  Dc  C. 

3.  liBvis,  Sow.     Lias,  Mid.  and  S.  of  Eng.,  Conyb. 

4. lata.  Sow.     Stoncsficld  Slate,  Sow. 

5.  aacyloidfs,  Soiv.     Great  Oolite,  Ancliff,  Wilta,  Co 

6.  nana.  Sow.     Great  Oolite,  Ancliff,  Wilts,  Cooibon. 

7.  discoidea,  Schlot,     Lias,  Gundershofen,  f'oltz. 

8.  — — ^  papyracea,  Goldf.     Lias,  Battz,  G.  T. 
I.  Emarginula  scalaris,  Sow.     Great  Oolite,  Ancliff,  Wilts,  Cooktom. 
1.  Pileolus  plicatiis,  Soir.     Great  Oolite,  Wilta,  Loru. 
1.  B'lUa  elongata,  Phil.     Coral.  Oolite,  Y'orks.,  Phil. 

1.  Heliciua  pulita.  Sow.*     Inf.  Oolite,  Cropredy,  Conyb. 

2.  cxpaasa,  Sow.     Lias,  Mid.  and  S.  of  Eng.,  Conyb. 

3.  solarioides.  Sow.     Lias,  Mid.  and  S.  of  Lng.,  Conyb, 

1.  Auricula  Scdg^ici,  Phil.     Inf.  Oolite,  Yorks.,  Phil. 

1.  Melania  Heddingtonensis,  Sow.     Coral.  Oolite,  Comb.,  Great  Oolite 

and  Inf,  Oolite,  Yorks.,  Phil. ;  Coral  Rag,  Mid.  and  S.  of 
Eng.;  Inf.  Oolite,  Dundry-,  Conyb.;  Coral  Rag  and  Inf. 
Oofite,  Norm.,  De  C. ;  Rubbly  Limest.,  &c.,  Braambury 
Hill,  Brora,  jl/«<rcA.  ;  Kim.  Clay,  Hflvre,  Phil.;  Inf.  Oolite? 
Haute  Saone,  Tkir.;  Coral  Rag,  Weymouth,  Sedg. ;  Kel- 
heim ;  Kahleherg,  Echte,  G.  T. 

2.  —^—  striata,  Sow.     CoraJ.  Oolite  and  Great  Oolite  ?  Yorks.,  PhiL ; 

Coral  Rag  and  Lias,   \;id.  and  S.  of  Eng.,  Conyb.;  Coral 
Rag,  N.  of  Fr.,  BobL ;  Kim.  Clay,  Hfcvre,  Phil.  ;  Coral  \ 
Weymouth,  Sedg. 

3.  vittata,  Phil.     Comb.,  Y'orks.,  Phil. 


*  Turbv  taUo*Ht,  Dcshayes. 
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MeUnEa  lineata,  Sow.     Inf.  Oolite,  Yorks.,  Phil.;  Inf.  Oolite,  Dundry, 

Conyb.  ;   Inf.  Oolite,  Norm.,  De  C. 

medio-jurensis,  Thur.     Oxf.  Clay,  Bernene  Jura,  T/iur. 

-,  species  not  determined.     Greul  Oolite,   Mid.  and  S.  -of  Eng., 

C'oni/b. 
Paludina,   species   not   determined.      Portland   Bedi,   Haute   Saone, 

Tltir. 
Ampullaria  Oigas,  Van  Sirombeck.     Kahleberg,  Eclite,  G.  T. 
^^ — ^,  species  not  determined.     Coral  Kag,  Comb.,  and  Inf.  Oolite, 

Mid.  and  S.   Eng.,  Conylt. ;    Coral  Kag,  Norm.,  De    C.  ; 

Brad.  Clay,  N.  of  Ft.,  Bobl. ;    Kim.  Clay,  Benie»e  Jura, 

Thur. 
Nerita  costata.  Sow.     Inf.  Oolite,  Yorka.,  PhU,;  Great  Oolite,  Anclifi; 

WiU-s,  Cookion. 
— —  sinuosa,  Sow.     Portland  Stone,  Conyb. 
kevigala,  Som.     Inf  Oolite,   Dundry,   Conyb.  ;  Shell  Limestone 

and  Calc.  Grit,  Porlgower,  &c.,  Scotland,  Murch, 

minuta,  Sow.     Great  Oolite,  Anclitf,  Wills,  Cookton, 

Natica  arguta,  Smith.     Coral.  Oolite,  Yorks.,  Phil. 

nodulaln,  }'.  S(  B.     Coral.  Oolite,  Yorks.,  PhiL 

ciucta,  Ph'U.     Coral.  Oolite,  Yorka.,  Phii. 

adducta,  PhiL     Great  Oolite  and  Inf  Oolite,  Yorka.,  Phil, 

tumidula,  Bran.     Inf.  Oolite,  Yorks.,  Phil. 

— — ,  Bjiecies  not  determined.     Lias,  Yorks.,  Phil. ;    Kim.  Clay,  Bn- 


Tiese  Jura,  Thur. 
VermetUB  compressus,    Y.  ^ 

Phil. 
■ Nodiia,  Phil     Cornb., 


B.     Coral.  Oolite,  Inf.  Oolite,  Y'orka^ 


Great  Oolite,  Yorks.,  PhU. 
species  not   determined,     Cornbrasli,  Wilts,  Lotu. 
Delphinula,  species  not  determined.     Coral.  Oolite  and  Great  Oolite, 

Yorks.,  Phil. 
Solanum  Calix,  Bean.     Inf.  Oolitf,  Yorks.,  Pliii. 

conoidfum,  Sow.     Portland  Stone,  Conyb, 

Cirrus  cingutatu»,  Phii.     Calc.  Grit,  Yorks.,  PhiL 
■ — —  depreasus,  Sow.     Ktll.  Rock,  Yorks.,  Phil. 

nodostis,  Sote.     inf.  Oolite,  Dundry,  Conyb. 

Leachii,  Sow.     Inf.  Oolite,  Dundry,  Cuiiyb. 

< carinatus,  Sow.     luf.  Oolite,  Wilts,  Loru. 

,  species  undetermined.    Lias,  N.  of  Fr.,  Bobl. ;  Oxford  Clay,  Haul* 

Saonc,  Thir. 
Pleiirotomaria  conoidea,  Desh.    Normandy,  Desk. 
ornata,  Dr/r.     Inf  Oolite,  Bnyeux,  Denh.;  Inf.  Oolite,  Dundry, 

Conyb. ;  Inf.  Oolite,  Nonn.,  De  C. ;  Lias,  N.  of  France,  Bobl. 

decorata.  Von  Buck.     Ncuhtiusen,  G.  T. 

compre8.sa.  Sow.     Lias,  Southern  England,  Conyb. 

Trochus  arenosus,  Sow.     Coral-  Oolite,  Caic.  Grit,  Cornb.,  and    Inf. 

Oolite,  Yorks.,  PkiL;  Inf.  Oolite,  Dundry,  Conyb.;  Inf.  Oolite, 

Norm.,  De  C. 

?  tomalilis.  Phi!.     Coral.  Oolite,  Yorks.,  Phil. 

— — —  Tiara,  Sow.     Calc.  Grit,  Yorks.,  Phil. ;  Coral  Rag,  Mid.  and  S. 

Eng.,  Inf.  Oolite,  Diindr>',  Conyb.;  Inf.  Oolite,  Norm.,  De  C. 

guttatus,  Phil.     Kell.  Hock,  Yorks.,  Phil. 

monilitectus,  Phil.     Great  Oolite,  Yorks.,  Phil. 

. bisertun,  Phil.     Inf.  Oolite,  Yorks.,  Phil. 

-^— ^  pyromtdatus,  Benn.     Inf.  Oolite,  Yorks.,  Phil. 

Anglicus,  Sotf.     Lias,  Yorks.,  Phil.;  Lias,  Mid.  and  S.  Eng., 

Conyh. ;  Inf.  Oolite,  Haute  Saone,  TAir. ;  Stnfenberg ;  Hci- 

ningeu,  G.  T, 


556 


Organic  Jlemaim  of  the  Oolitic  Group, 


10. 
11. 


12. 

13. 

14. 

15. 

16. 

17, 

18. 

10. 
20. 

21. 


Troclius  angulatu*,  Sow. 
Oolite,  Norm. 

•^^^—  dimidiatus,  Sow. 

— . duplicatiiB,  Sow. 

Oolite,  Hnute 
Ba»z,  G.  T. 

elongatus,  So\c, 


Inf.  Oolite,  Mid.  and  S.  Eng.,  Con^h. ; 

Inf.  Oolite,  Mid.  and  S.  Eng,,  Conyb. 
Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyb. ; 
Saone,   Thir. ;    Lias,   Gunderahofen,   f'o/l 


Inf.  Oolite,  Dundry,  Conyb. ;  For.  Marb.  and 
Inf.  Oolite,  Norni.,  De  C. 
punctatuB,  Sow.     Inf.   Oulite,   Dundry,   Conyb. ;    luf.  Oolite, 

Nurm.,  De  C. 
abbreviatua,  Sow.     Inf.  Oolite,  Dinidry,  Conyb.;   Inf.  Oolitr, 

Norm.,  De  C. 
fasciatus,  Sow.  Inf.  Oolite,  Dundry,  Conyb. ;  Inf.  Oolite,  Norm., 
De  a 

Inf.  Oolite,  Dundry,  Conyb,;    Inf.  Oolite, 


Lia«,  Mid.  and  S.  Eng.,  Conyb. ;  Inf.  Oolite, 

Lift*,  S.  of  Fr.,  Ditfr. ;  Solcure,  Hcen. 

Inf.  Oolite,  Norm.,  Dt  C;  Coral  Rag,  Wey- 

PortlHiid  Beds,  Tisbury,  Wilt*,  Beneti. 
Ilohenstein,  Saxony;  Inf.  Oolite,  Bavaria, 


—  prominens,   Sow. 

Norm.,  De  C. 
inibritatug,  .Vow. 

Norm.,  De  C. ; 
^^^-^  reticultttus,  Sow. 

mouth,  Sedy. 

rugatus,  Benelt. 

— apeciosus,  Muntt. 

Munnl. 

niloticifonniB,  Sfo/it.     Stufenberg,  G.  T. 

,  species  not  determined.     Portland  Stone  and  Bradford  day. 

Mid,  and  S.  Eng.,  Conyb. ;  Cora]  Hag,  Norm.,  De  C. ;  Oxford 

Cloy,  Corn!  Hag, and  (JreBt  Oolite,  Haute  Saone,  Thir.;  Kim. 

Clay,  Coral  Rag,  Oxford  Clay,  Bernese  Jura,  Tkur. 
Rissoa  \xvvi,  Sow.     Great  Oolite,  Anciiif,  Wilts,  Cvokeon. 

acuta,  Sofv.     Great  Oolite,  AuclifF,  Cooifon. 

nbtiqnata,  Sow.     Great  Oolite,  Aiiclifl',  CooksoH, 

dujilicata,  Sow.     Great  Oolite,  Anclifr,  Cookson. 

Turbo  muricntiu,  Sow.     Coral.  Oolite,  (irent  Oolite,  and  Inf.  Oolite, 

Yorks.,  Phil.;  Coral  Hag,  Mid.  and  S.  Eng.,  Conyb.;  Coral 

Rag,  Weymouth,  Sedg. 

funkulatus,  Phil.     Coral.  Oolite,  Yorks.,  Phil. 

— —  aulcostomu.s,  Phil.     Kell.  Itoek,  Yorks.,  Phil. 

unicarinntii».  Bean.     Itsf.  Oolite,  YorkK.,  Pkil. 

— —  Iicvigatus,  Pltit.     Inf.  Oolite,  Yorks.,  Phil. 

undulatus,  Phil.     Lias,  Yorks.,  Phil. 

orantus.  Sine.     Inf.  Oolite.  i\Iid.  and  S.  Eng.,  Conyb. ;  Inf.  Oolite, 

Norm.,  Dt  C. ;  Litis,  Gundcrsliofcn,  VoUz. 

obtUBUs,  Sow,     Great  Oolit»,  AnclilT,  Coohon, 

■ •,  species  not  determined,  Corob.  and  Great  Oolite,  Norm.,  De  C 

Phasianetla  cincla,  Phil.     Great  Oolite,  Yorks.,  Phil. 

angulosa,  Sow.     Porta  Westphalica,  G.  T. 

Turritclla  inuricata.  Sow.     Coral.  Oolite,  Calc.  Grit,  Kell.  Rock,  and 

Inf.  Oolite,  Yorlcs.,  Phil. ;  Rochelle  Limestone,  Dufr. ;  SbcU 

Limestone  and  Grit,  Portgower,  &c.,  Seotlund,  Mutch. 
"  cingonda,  ,S'ow.     Coral,  Oolite  ?  Great  Oolite,  and  Inf.  Oolitt, 

^  orks.,  Phil. 

quadilvittaia,  Phil.     Inf.  Oolite,  Yorka.,  Phil. 

concara,  Sou:     Portland  Stone,  Tisbury,  Benett. 

eelunata,  f'on  Buck.     Banz,  Lnnglieim,  Fon  Buch, 

,  species  not  deteriniijed.  Portland  Stone,  Coral  Ragf  Cornli.,  For. 

Maib.,  and  V>ynt\.  Clny,  Mid.  and  S.  Eng.,  Conyb. i  Brad,  ('lay, 

N.  of  Fr.,  Bold.;  Portland  Beds  and  Coral  Rag,  Haute  Suone, 

Thir,;  Lias,  Bath.  Lons.;  O.vford  Clay,  Bernese  Jura,  Thwr. 
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1.  Nerinsa  tiiberculata,  Blain.     Bailly,  nenr  Auxerre,  Ilcen. 
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2,  Moiia?,  Denfi.     St.  Mehiel  (Meiise),  Desk. 

3. " Bruckneri,  Thtir.     Kim.  Clay,  Bernese  Jura,  Thur. 

Bfiintnitana,  Thur.     ('oral  Ilag,  Bernese  Jura,  Thur. 

^6.  —  elegans,  Thur.     Coval  Kng,  Berm-se  Jura,  Thnr. 

6.  ^^^^  pulchella,  Thur.     Coral  Kag,  Bernese  Jura,  /"Aur. 

,  ipecies  not  determiiiud.     Cural  Rag  and!   For.  Marh.,  Norm., 

De  C;  Brad.  Clay,  N.  of  Fr.,  Bobl. ;  Coral  Rag,  Inf.  Oolite, 
Haute  Saonu,  Thir.;  Rochelle,  Nuncy,  Z?tf*A.;  Neufchatel; 
Kelheini;  Kahleberg,  Ectite,  fan  liuch. 

1.  Cerithium  intermedium  (var.).     Biihlhorst,  tieur  Minden,  Ilan. 

2.  murieatum,        .     Mhhlhauseii,  H.is  Uhiri,  Ilcen. 

3.  <iuin(|tiQngulare,  'fhtir.     Beniese  Jura,  Thur. 

— ,  species  not  determined.      Lias,  (Jujidi-rsihofen,  Foltx, 

1.  Miirex  Haccaiiensia,  Phil.     Coral.  OolitL-,  Yurks.,  Phil. 

2.  rostellarifurmis,  I'on  Bueh.     Coral  Bag,  Randen,  Schafhausen, 

I'oii  Buck. 
\.  RoBtellaria  bispinoisa,  Phil.     Calc.  Grit.'  and  Kell.  Rock,  Yorks.,  Phil. 

2.  trifirta,  Bean.     Oxford  Clay,  Yorks.,  Phil. 

3,  .  -■  -   -  coiuposlta,  .Soiv.    Sandst.,  Liinesl.,  and  Shale,  Inverbrora,  Scotl., 

IMiirrh. ;  CJreat?  and  inf.  Oolite,  Yorks,,  Phil.  ;  Oxford  Claj', 
Weymouth,  Sow.  ;    Kim.  t  lay,  Havre,  Phil. 
,  species  not  determined.     Lias,    Yorks.,    Phil. ;    OxfonJ  Clay, 
Kell.  Rock,  Curiib.,  Forest  Marlj.,  nnd  Inf.  Oolite,  Mid.  and 
S.  Kng,,   Cotii/b. ;  Oxford  Clay,  Norm.,  De  C  ;  Coral  Hag, 
Bernese  Jura,  Thur. 
1.  Pteroceras  Oceam',  AL  Brmig.     Kim.  Clay,  HsivTe  and  the  Jura,  AL 
Bronii. ;   Poilland  Bed.s,   Kim,  Clay.'   Haute  Saone,   Thir.; 
Portland  Beds,  Kim.  Clav,  Bcmeae  Jura,  Thur.;  Kaldeberg, 
Echte,  G.  T. 
2.  Ponti,  ^-il.  Brong.    Kim.  Clay,  Havre  anti  the  Jura,  .AL  Brong,  ; 
I^H  Kim.  Clay,  Haute  Saone,  Thir. 

^ Pelagi,  Al.  Broiiff.     Kim.  Clay,  Hii\Te  and  the  Jura,  AL  Brong. 

1.  Act^eon  retuHtis,  PhiL     Cnic,  tirit,  Yorks.,  Phil. 

2.  —^^—  glabor,  liean.     Great  Oolite  and  Inf.  Oolite,  York«.,  PhU. 

3.  humeraiis,  Phil.     Inf.  Oolite,  Yorks.,  PhiL 

4.  • cuspidtttus,  Sow.     Greiit  Oolite,  .\nditr,  Wilts,  Cookaon. 

5.  acutus,  Sato.     Great  Otplite,  AncliH',  Wilts,  Coukson. 

— ►,  species  not  determined.     Lias,  Yorks.,  PhiL 

1.  Buccinum  uniliueatiim,  Sott.     Great  Oolite,  Anclifl",  Wills,  Cookton. 
,  species  not  detennined.     Shale,  Sandst.,  and  Linicst.,  Inver- 
brora, Scotl.,  Murch. 
\.  Tetebra  melnimnles,  Phil.     Coral.  Oolite,  York^.,  Phil.  ' 
2. 
3. 


I 


—  ?  graniilata,  Phil.     Coral.  Oolite  and  Cornb.,  Yorks.,  Phil. 

—  vetusta,  Phil.     Great  Oolite  and  Inf.  Oolite,  Yorks.,  Phil. 

—  sulcata,     .     Coral  R.ag,  N,  of  Fr.,  BobL;  O.xford  Clay,  Bernese 

Jura,  Thur. 

1.  Belemnitea  sideatus,  Mill.    Coral.  Oolite?  Calc.  Grit,  Oxford  Clav,  and 

Kell.  Kock,  Yorks.,  Phit.;  Shale,  Snudst,  and  Limcst.,  In- 
verbrora, Scotl.,  Murch. ;  Lias,  S.  of  France,  Dufr. 

2.  fiistformis,  MilL     Coral.  Oolite  f  Yorks.,  PkU. 

3.  gracilis,  PhiL     Oxford  Clay,  Yorks.,  PhiL 

4.  abhreviatns,  Miti.     Great  dolite>  Yorks.,  Phil.;  Lias,  Ross  and 

Cromarty,  Scotland  ;  and  Micaceous  Sandstone,  Western  Is- 
lands, Scotland,  Murch. 

5. elongatus,  Miller.   Lias,  Yorks.,  Phil, ;  Lin.i,  Rosa  and  Cromarty, 

Scot].,  Murch. ;  Fer.  Oolite,  Wasseralfiiigcn,  Zieten. 

Ci.  ~ trisulcatns,  Blain,     Inferior  Oolite,  N.  of  Fr.,  BobL 
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Belcinnites  compressiis,  Blain.    Fuller's  E.,  N.  of  Fr.,  BoU.  ;  Inf.  Oolito_ 
Yorka.,  Soip. ,-  Liiia,  Giindenliofeo,  FoU%;  Culmbach ;  Wi 
berg;  Mctzingen,  G.  T. 

dilatatus,  Blain.    Fuller's  E.,  N.  of  Fr.,  Bobl. ;  Thcta,  Bairvu^ 

G.  T. 

Lias,  S.  of  Ft.,  D«/r. ;  Lias,  AUis,  AL 


36. 


Liu,  S.  of  Fr.,  Dvfr.i   Liu,  Gundef 


apicicurvatus,  Blain. 

BrovQ. 
pistilliforrnis,  Blain. 

sbofcn,  CuUz. 

brevis,  lUam.     Lias,  Alais,  Brong. ;  GoppingcD,  G.  T. 
longissinms,  Milltr.     Lias,  Bath,  Lont;  Lias,  Boil,  Zietfn. 
canaliculatus,  Sehlot.   Oxford  Clay  and  Inf.  Oolite,  Haute  Saone, 

Tfiir, ;  Inf.  OoUle,  Southern  Germany,  Miaul.  ;  Stufenberg, 

ZieUa. 
eilipticus.  Miller.     Inf.  Oolite,  Haute  Saoue,  T^ir. 
longus,  f'ollz.     Great  Oolite,  Haute  Saone,  Thir. 
ferrugjnosiis,  VoUx.  (var.)     O.xford  Clay,  Haute  Saone,  Thir  ; 

Oxford  Clay,  I3eme$e  Jura,  Thur. ;  Swabia;  Bavaria,  G.  T. 
aduncatus,  Miller.     Lias,  Bath,  Lou*. 
subclavatus,  f'ollz.     Liaii,  Gundersbofeii ;  Lias,  BoU,  Foltx. 
tenuis,  Stahl,    Lias,  Gundershoffn,  I'ollx.;  Lias,  Altdorf,  G.  T. 
subdcpressuH,  Vollx.     Lias,  Gundemhof*  n,  Vollx. 
BubaduncatuH,   Voltx.     Lias,  Gundershoien,  Volts;  Lias,  Boll, 

Zicten. 
digital i.1,  Biguet.     Lias,  Gundersbofcu.  I'oltz. 
brevifonnis,   Vollx.     Lias,    Gundersbvfon,    VoUz ;    Lias,  Bdli 

Ziclett. 

■  ventroplunus,  Vollz.     Lias,  Befori,  Haut  Rhin,  Vollz. 

■  paxillosus,  .Sehlot.      Lia.s,    li^fort ;    Ltas,   BoU,    Voltx. ; 

UbsLiidt,  near  Heiiit'llMTg,  Bronn. 
loijgisuicntus,  Valtt.      Lias,  Wurtemberg,  Vollx. 

■  triliduii,  Vollz.     Lias,  Gundershofen,  VoUz. 

-  compritnatus,  VoUz.     Lias,  Bahlingen,  Von  Buck. 

■  Aaleiisis,  Voliz.     Inf.  Oolite,  Nipf,  Bopfingen ;  Baireuth, 
>  grandiH,  SchUbler.     Inf.  Oolite,  Stufenberg,  Zieten. 

-  quimjnesulcatui,  Blain.      Schlatt,  Wurtemberg,  Zietm;   Inf. 

Oolite,  Baireuth,  G.  T. 
'  tninidus,  Zieten.     Inf.  Oolite,  Stufenberg,  Zieten. 

■  terci*,  Sla/il.     Lias,  Gogbacb,  Wurtemberg,  Zieten. 

■  loevigatus,  Zieten,     Lias,  Boll,  Zieten. 

■  crasBun,  Voltx.     Lias,  near  Goppingen,  Wurtemberg,  Zieten ; 

Besancon,  Voltz. 

■  aemihosUitus,  Blain.   Lias,  Gamelsbausen,  Wurtembrrg,  Zirten: 

Inf.  Oolite,  Baireuth,  G.  T. 

■  incurvatus,  J/e/il.     Lias,  Boll,  Zieten  ;  Lias,  Banz,  G.  T. 

-  pyramidatus,  Schiiblcr.     Lias,  Grosa-EisiingeD,  Wurteml 

Zieten. 

■  rostratuii,  Zieten.     Lias,  Boll,  Zieten. 

-  papiUatus,  Plieninger.     Lias,  Boll,  Zieten, 

-  acuminatua,  Schiibler.     Inf.  OoUte,  Stufenberg. 

-  subhaatatus,  Zieten.     inf.  Ouiite,  Stufenberg,  Zieten 

■  oxyconus,  Ileyl.    Lias,  BoU,  Zieten. ;  Lias,  Banz;  Altdorf|  G.T. 

■  carinatus,  J/ejft.     Lias,  Boll,  Zieten. 

■  pygmeeus,  Zieten.     Lias,  Boll,  Zieten. 

-  unisulcatiu,  HarlmoHn.    Gcisslingen,  &c.,  Wurtemberg,  Zieten. 

■  bisulcatus.  Jiartmanu,     Lias,  Boll,  Zieten. 

■  quadrisulcatuB,  Hartmann,     Lias,  Grou'EtaliBgen,  near  Gii 

pingen,  Zieten. 


•6' 

.4 


r. 

!Bibe^^i 


Organic  Remaitis  of  the  Oolitic  Group. 

49.  Belcmoitcfl  pyrainidalU,  Mutul.  LUs,  Wurtembcrg,  ZieUn. ;  Lias,  Bnnz, 

G.  T. 

50.  — blparlitus,  Harttnann.     Gniibingen,  Wurtemberg,  Zieten. 

51.  unicanaliculatus, //arfnwjju.     Donzdorf,  Wurtcmberg,  ^i>/«». 

52.  bicaiittliculatua,  Harlmaun.     Gannlosen,  VVurteiiiberg,  Zicten. 

53.  tricanaliculatus,  Hartmanu.     Lia«,  Slul'enberg,  Zieten. 

51, quitdjricanalieulatii»,  Hartmann.     Slufunberg,  Zitlen. 

56,  quinquecnnaliculatu*,  Hartmann.  Lias,  near  Goppingen,  Zieten. 

56.  — 9ciivisulcBtu«,  MiiHit.     Upper  part  of  Oolite  Group,  Southern 

Germany,  (Slaflelberg  ;  Li«.'htenfel.s;  Soledhufen,  ike),  Muntt. ; 
Oxfi'ird  Clay,  Benicse  Jura,  TAiir. 

57.  — =^—  ptisillua,  Muntt.     Streilberp,  Munst. 

58.  acunrius,  SchUtt,     Lifts,  Banx,  MunU. ;  Lias,  Altdorf,  G.  T. 

59.  lnt?!i\i1cutu»,  J'olls..     Oxford  Cl.iy,  Bernese  Juro,  Thur, 

60.  — deforniie,  Miiml.     Southeru  Germany,  G,  1\ 

61.  clwlius,  Zf/oiw.     Metzingen,  Bnireuth,  G.T. 

62.  -  Blaiijviilii,  f'uliz  •.     Swiibio,  G.  T. 

63.  liaslatus,  Blain.     Itif.  Oolite,  Daireuth ;  Met2j  Bonz,  G.T. 

64.  tripartitus,  Schlol.     Lias,  Altdurf,  0.  T. 

65.  clavatus,  Blain.   Lias,  Boll;  Amberg;  Banz;  Lynie  Regis,  G.  T, 

,  species  not  determined.  Kim.  Clay  and  Inf.  Ooitte.  Yorks.,  Phi!. 

Kim.  Clny,  Coral  Ua",  Oxford  Clay,  Kelt.  Rock,  Stonenficld 
State,  Bradford  Ctaj,  and  Inf.  Oolitf,  Mid.  and  S.  England, 
Cojiyb.  ;  Oxford  Clay,   For.  Marb.,  Gfeat  Oolite,  livf.  Oolite, 
and  Lh%  Norm.,  He  C;  Lias,  N.  of  Fr.,  liobl. 
1.  Orthoeeratitcs .'  eltmgutus,  De  ia  li.     Lias,  Lyme  Rcgiii,  De  la  B. 

1,  Nautilua  hexagonus,  Sotc.     Kell.  llock  ?  Vorks,,  Phil. ;  Culc.  Grit,  Ox-. 

ford,  Sow. 

2.  •  Hneatus,  Sotc.     Inf.  Oolite  and  Lias,  Yorksu,  Phil.;  Inf.  Oolite, 

Dundry,  Conjfb.;  Inf.  Oolite?  Haute  Saonc,  Thir.;  Liaa,  Bath, 
LonM. 

3.  ■  flstiicoides,  V.  Sf  B.     Lins,  Vorks.,  Phil. 

4,  annularis,  Phil.     Lias,  Yorks.,  PhiL 

a.  obfBUJj,  Sow.     Inf.  Oolite,  Mid.  and  S,  Eng^  Conyh,;  Inf,  Oolit«, 

Nornj.,  De  C. 

6.  sinuatusi,  Sow.     Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyb.  ;  Oxford 

Clay,  Norm.  ?  De  la  IL 

7.  inlemjediug,  Sow.     lAm,  Mid.  and  S.  Eng.,  Conyb. ;  Wurtem- 

bcrg,  O.  T. 

8.  striatii.s.  Sow.     Lias,  Mid.  and  S.  Eng.,  Conyb. ;  Liag,  Alsace, 

Brunif. 

9.  truncatus,  Sotr.     Lias,  Mid.  and  S,  Eng.,  Conyb. ;  For.  Marb. 

and  Lias,  Nomi.,  De  Can. 

10.  angulosus,  D'Orhigny.     Portland  Stone,  Isle  d'Aix,  Brong. 

,  species  not  slated.     Great  Oolite,  Yorks.,  Phil.;   Kim.  Clay, 

Coral  Rag,  Oxford  Cloy,   Kell.  Rock,  and  .Stonesfield  Slate, 

Mid.  and  S.  Eng.,   Conyb.  ;   Coral  Rag,   Norm.,  De  Cou.  ; 

Fuller's  Eartli,  N.  of  Fr.,  Bobl.  ^ 
Hamites,  ■pecio't  not  determined.     Lias,  Zetl.  near  Boll,  2!ul«fi ;  Inf. 

Oolite,  Bayt'UJi,  Dexh.^  Mnjeudie\. 

1.  Scaphjtes  bifurcatus, //ar/mawn.  Lias,  Goppingen,  WuTtemberg,ZiV/«n. 

2.  refractua  §,      .     GHinelshausen^  G.  T. 


•  B.  aculut  and  B.  apicicxmun,  Uluiii.  t  Nautilus  aganaticus,  SchloL 

X  It  thimld  alio  t>e  noticed,   that  M.  I>e»fiayc!f  (Desr.  des  Coquillen  Caracteriiti- 
queadcs  Terrains)  deicribea  and  li^re.<ia  llaniite,by  the  aamt  oiHamitttamadaiuif 
M»  found  in  the  ferruginous  oolite,  but  unfortunately  does  not  mention  the  locality. 
{  AmmoniUt  rrfrnetu*.  Rein. 
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18, 

19. 


1 


Scnphites,  species  not  detennined.     Lias,  S.  of  England,  Cont/b. 
'I'tirrilites  Babeli,  Jl.  lirotig.     Coral  Kag  I  N.  of  Fr.,  Bobl. 
Ammonites  peraruiatiis,  Sow.    Coral  Rap,  Multon,  Sotc. ;  Coral.  Oolitf, 

Cole.  Grit,  and  Kcl.  Rcwk,  Yorks.,  Phil. ;  Oolitic  Rocks,  Bra- 

ambury  Hill,  Brora,  Miirch.:  Coral  Rag,  Wilts,  Long.;  Coral 

Hag,  llandeii,  I'on  Buck.;  Oxford  Clay,  Bernese  Jura,  Thmr.; 

Mordheig,  Niirnbcrg,  G.  T. 
—^,^—,  plicomphalum,    Sow.     Bolingbrokp,    Lincohiahire,  i9oir.  ;   Kin. 

Clay.'  Yorkii.,  Phil. ;  Oxford  Clay,  Nonn.,  Dr  C. 
triplicatus,  Sow.  Coral.  Oolite,  Yorks,  Phil.;  Inf.  Oolite,  Norm., 

De  C. ;  Coral  Rag,  Randcti,  Fon  Buck. 
= —  plicntilis,  Sow.     Coral.  Oolite  and  Kell.  Rock.  Yorks.,  Phil,  { 

Coral  Rag,  Mid.  and  8,  Eng.,  Conyb. ;  Oxford  Clay  and  KcU. 

Rock,  Haute  Saoiie,  ThiT. ;  Coral  Ilag,  Randeti,  y'an  Buck. 

WilliiitTisoiii,  P/iil.     Coral.  Oolite,  Yorks.,  Phil. 

Sullicr1nndiie»,  .S'off).  Snndatonc,  BraaiiiburyHill,  Brorm,3/ttreA.; 

Coral  Oolite  and  Calc.  Grit,  York*.,  Phil.;  RAnden ;  Thui' 

nau;  Stalfclborg,  G.T. 
sublfpvis,  Sow.     Coral.  Oolite  and  KcU.  Rock,  Y'orks.,  Phil.; 

Full.  E.,  Env.  of  Bath,  Lous,;  Oxford  Clay,  Beggirigen,  Schaf- 

haiisen,  I'ou  Buck.;  Kell.  Rock,   Mid.  and  S.  Eng.,  CoHyb.; 

Oxford  Clay,  Norm.,  Dr  fa  B. 
lenticularis,  Phil.     Coral.  Oolite  I  Kcll.  Rock,  and  Lia»,  Y'orkt., 

PhiL 
vertebralis  and  cordatus.  Sow.     Corn!.  Oolite,  Calc.  Grit,  and 

Oxford  Clay,  Yorks.,  Phil.;  Coral  Rag,  Mid.  and  S.  Eng., 

Conyb.;   Oolite  of  Bmnniburv  Hill,  Brora,   Murch.;   Kim- 

Clay  and  Oxford  Clay,  Haute  Saone,  7'ArV,;  Coral  Rag,  Wilt*, 

Lattt. 

instabilis,  Phil.     Calc.  Grit.,  Yorks.,  PhiL 

Solaris,  Phil.     Calc.  (iril,  Yorks.,  Phil. 

oculatus,  Phil.     Oxford  Clay,  Yorks.,  Phil. 

Venioni,  Bean.     Oxford  Clay,  Yorks.,  PhU. 

Atbleta,  Phil.     Oxford  Clay  and  Kell.  Rock,  Yorks.,  Phil 

Kcenigi,  Soiv.     Kdl.  Hook,   Yorks.,  Phil. ;  Kcll.  Rock,  Kello- 

ways,    Wilts;    Lias,    Cliarmoiith,  Sow.;   Micaceous  Sandst, 

Western  [slaiids,  Scotl,  j1/Krc/i.;  Gammelshausen,   Ztrten.; 

Hohenzollern,  G.  T. 

bifrons,  Phil,  f     Kell.  Rock,  Yorka.,  Phil. 

— = (iowerianu.s,  Sow.      Shale,  Sandst.  and   Limest.,   In\*erbron, 

Scotl.,  Murrb.;  Kell.  Rock,  Yorks.,  Phil. 
Callovicnsist,  ^ou:     Kell.  Rock,   Yorks.,   Phil.;   Kell.  Rock, 

Kelloways,  Sou.<. 
— Duncaiii,  Sow.     St.   Neotsi,   Huntingdonshire,  Duncani  K«U. 

Rock,  Yorks..  PA//.;   Oxford  Clay,  Mid.  and  S.  Eng.,  Conyh.; 

Oxford  Clavi  Norm.,  De  Can.;  Oxford  Clav,   Haute  Saone, 

Thir. 

gemrnatus,  Phil.     Kell.  Rock,  Y'orka.,  Phil. 

Her^-eyi,  Sow.      Spalden,   Lincolnshire;    Bradford;    Rnowln 

Hill,  Sonier8et,  Sou\  ;  Kell.  Rock  J  and  Comb.,  York*.,  PkU. ; 

Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyb.;  Inf.  Oolite,  Woasei*!- 

fingen,  Wurteinberg,  Ziettn. 

flexicostatuK,  P/tii.     Kell.  Rock,  Yorkj.,  Phil. 

funifenis,  Phil.     Kell.  Rock,  Yorks-,  Phil. 


•  jim.  iii/liitui,  Rein. 

f  Thii  Ammonite  miuit  be  distinguished  from  ji.  bifrons,  Brugtii^rc,  which  i«, 
according  to  M.  Dethayes,  the  /I.  H'alcotii  of  Sowerby.  I  Am,  Juton,  Rein. 
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28. 
29. 

30. 
SI. 
31.« 

32. 


33. 


40. 
41. 
43. 

43. 

44. 

45. 


P^ 


4G. 
47. 
48. 
49. 
50. 


51. 


monitcs  terebratus,  Phil.     Comb.,  Vorks.,  PhiU 
—^  Blugdcni,  How.     Great  Oolite,  Vorks.,  Phxl.  ;  laf.  Oolite,  Dun- 
dry,   Coiiyb. ;    Inf.  Oolite,  Norm.,  De  Can.;  Spaicliingen ; 
Metzingen,  G.  T. 

striutuliis,  Sow.     Inf.  Oolite  and  Lias,  Yorks.,  Phil. ;  Liaa,  Wa»- 

iteraiJiii^'en,  Zieten. 

heterophylhis,  Sow.     Lias,  Yorks.,  Phil. ;  Lias,  Midland  and 

Southern  England,  Conijb. 

Bubcnriaatus,  Y.  S^  li.     Lias,  Yorks.,  Phil. 

—  Henleii,  Sou.     Liaa,  Yorks.,  jPAi/.;  Lias,  Mid.  and  S.  Eiig., 
Conyb. 

het«rogeneu3,  Y.  ^  B.     Lias,  Yorks.,  Phil. 

crassus,   1'.  Jf-  B.     Lias,  Vorks.,  Phii. 

cra»suti,  Montf.     Kim.  Clay,  H^cuurt,  Norm.,  Pas. 

CQinniunis,  Sow.     Lias,  Vorks.,  Phil. ;  Lias,  Mid.  and  S.  Eng., 

Conifb.;  Lias,  Western  islanda,  Scot.,jWMrcA. ;  Soleurc, //ami.; 
Liaa,  Wurtcmbere,  Zieten. 

angulntus,  Sow.     Lias,  Yorks.,  Phil. ;  Lias,  Mid.  and  S.  Eng., 

Conyb. 
annulatua,  Sow.     Liaa,  Yorks.,  Pkil. ;  Inferior  Oolite  and  Lias, 
Midi,  and  S.  Eng.,  Conyb. ;  Oxford  Clay,  For.  Marb.,  and 
Inf.  Oolite,  Norm.,  De  t. ;  Inf.  Oolite,  Uzer,  S.  of  Fr. ;  llu- 
chello  Limestone,  Dufr.;  Inf.  Oolite  and  Lias,  Montdor,  Lyon, 
/it.  Brong, ;  Coral  Hag,  Inf.  Oolite,  Wilts,  Lont. ;  Coburg, 
Noli;  Inf.  Oolite,  Ganielshauaen,  Wurteraberg,2ri><n»,/  Mo- 
ritzberg,  Niimberg,  G.  T. 
fibulatuii,  Siiw.     Lias,  Vorks.,  Phil. 
subamiatua,  Sotv.     Lias,  Yorks.,  Phil. 
maculatus,  1'.  4'  ii-     hias,  YorLs.,  Phil, 
gagateus,  Y.  <^  B.     Lias,  Yorks.,  Phil. 

planicoatiitus*,  S9i[<.     Mastuii  Magna,  Yeovil,  Somerset,  Sow.; 
Lian,  Yorks.,  Phil. ;  Liaa,  Mid.  and  S.  Eng.,  Conyb. ;  Lias, 
Bath,   Lons. ;    Kahlefeld,    Hartz;    Amberg,    Attdorf,   Moll; 
Lias,  Bahlinj^en,  Von  Buch. 
balteatus,  Phil.     Lias,  York.s.,  Phil. 
Lias,  Yorks,,  Phil. 
Lias,  Western  Islands,  Scotl.,  Murch. ;  Lias, 


Lias,  Western  Islands,  Scotl.,  Murch. ;  Lias, 


arcigeren!",  Phil. 
brcrispino,  Sow. 

Yorks.,  Phil. 
Jatnesoni,  Saw. 

Yorks.,  Phil. 
'  erugatus,  Benu.     Liaa,  Yorks.,  PhU. 
fimbriatus,  Sow.\     Lias,  Lyme  Regis,  Buckl. ;    Lias,  Yorks., 

Phil. ;  Lias,  Mid.  and  S.  Eng.,  Conyb. ;  Lias,  N<5rm.,  De  C.  ; 

LiaF,   Wurtcmberg,  Ziefen;    Lias,   Mende,  Lozere,   Banz; 

Randen,  f'on  Buck  ;  Inf.  Oolite,  Calvados,  DesL  ;  Lias,  Gr. 

Gschaid  j  Culmbach ;  Rautenherg,  Schcppenstadt,  G.  T. 
nittdus,  Y.  ^  B.     Lias,  Yorks.,  PkH. 
augulifenis,  Phil.     Lias,  Yorks.,  Pkil. 
creaularis,  Phil,     Lias,  Yorks.,  Phil. 
Clevelandicu.%  1'.  S;  B.     Lias,  Yorka.,  Phil, 
Tiimeri,  -S'ow.     Lias,   Watchet ;   Wymondliam   Abbey,  Sotc. , 

Lias,   York.s.,  Phil. ;   Lias,   Soutli  of  France,  Dufr. ;   Lias, 

Wurtcmberg,  Z'mteu. 
geomctricus,  Phil.     Lias,  Yorks.,  Phil. 


*  yfn.  Capric«rnus,  Schtot. 

f  According  to  Von  Buch,  thU  Amtnonite  is  th«  same  with  A,  tintatut  and 
jI.  kiretHtu  ofSchloCheim. 

2o 


wma^^^ihe  Oolitic 

52.  AminoiiiUa  vittatiis,  1'.  JJ-  B.     Lias,  Yorks.,  PfiiL 

53.  sigmifer*,  PkU.     Liw,  York*.,  P/iU. ;  Inf.  Oolite,  Haute  Saoor, 

Thir. ;  Lias,  Wurtcmbcrg,  f'oUz. 

54.  Hawkserensis,  1'.  Sf  B.     Lias,  Yorks.,  Phil. 

55.  Conybeari,  Sow.     Lias,  Yorks.,  Phil. ;  Lia»,  Mid,  and  S.  Eng., 

Coni/b. ;  Lias,  Gundersliofen  and  BiixweilU'r,  -•//.  Bnnjf.: 
Lias,  Western  Islands,  Scotl.,  Murch, ;  Lias,  Soutl)«ni  Go^ 
many,  G.  T. 

5G.  Bucklandi,  Sow.\     Lias,  Yorks.,  Phil.  ;  Lias,  Mid.  and  S.  Eii|;., 

Cimyb. ;  Lias,  Norm.,  De  Caa. ;  Lias,  Malsch,  near  Heidel- 
berg, Brotiu  ;   tnf.  Oolitt,  Calvados,  Detl. 

57.  - -^      -  obtuBua,  Sow.    Lins,  Yorks.,  Phil.;  Liu,  Mid.  and  S.  Eng., 

Conyb. 

58.  VValcotii,  Sou:     Lias,  Yorks.,  Phil. ;  Inf.  Oolite  and  Lias,  Mid. 

and  S.  Eng.,  Conyb. ;  Lias,  S.  of  Fr.,  Dufr. ;  Lias,  B^fort, 
Haul  Rhin ;  Lias,  Boll,  Vollz.;  Achelbcrg,  Ham. ;  Inf.  Oolttr, 
Calvados,  G.  T. 

59.  ovatus,  Y.  S[  B,     Lias,  Yorks.,  Phil 

GO.  -— —  MiJgravius,  Y.  Sf  B.     Lias,  Yorks.,  PhU. ;  Lias,  BoU,  G.  T. 

61.  cxaratiis.  >'.  ^  B.     Lias,  Yorks.,  Phil. 

62.  ^ — —  Lythensis,  1'.  /(■  B.     Lias,  Yorks.,  /'/nV. 

(i.*}.  concavus.  Sow.     Lias?  Yorks.,  Phil.;  Inf.  Oolite,  Mid.  and  S. 

Eng.,  Conyb.;  Cohure,  HoU,-  Inf.  Oolite.  Calvados,  G.  T. 
64.  elegansj,  iSoMi.     Lias?  Yorks., /*Ai7. ;  Inf.  Oolite,  Dundry,  Ca- 

nyb. ;  Lias,  Norm., /)«  C  ;  Inf.  Oolite,  Uzer.S.  of  Fr.,Z)ii/!',£ 

Idas,  VVurteinberg,  Zielen. ;  Inf.  Oolite,  Calvados,  G.  T. 
G5.  —  discus,  Sow.     luf  Oolite,  Dundry,  Comb.,  Mid.  and  S.  Enj, 

Conyb.;  Inf.  Oolite,  Nonn.,  De  C;  Comb.,  Wills.,  I.om.; 

Inf.  Oolite.  Wasseralfinpen,  Zieten. ;  Comp.  Great  Oolit*, 

Beniest;  Jura,  T/iur. ;  Spaicliingen,  G.  T. 

aa.  Banksii,  Sow.     Inf.  Oolite,  Dundry,  Conyb. 

(>7.  — , ^  Braikenridgii,  Sow.     Inferior   Oolite,    Dundry,   Conyb. ;  Inf 

Oolite,  Norm.,  De  C.  ,•  (laminelshausen,  Zielen. 
G8.  Broccbii,  A^om.     Inf.  Ooiite,  Dundry,  Conyb. ;  Inf.  Oolite,  Haulc 

Saone,  TTiir, 

69.  Suwcrbii,  Afiller.     Inf.  Oolite,  Dundry,  Conyb. 

70.  fakil'er,  Sow.     Inf.  Oolite,  Diindrj-,  Conyb. ;  Lias,   Norm.,  Dt 

C. ;  Lias,  S.  of  Fr.,  Du/r. ;  Lias,  Wurtemberg,  ZieUn. ;  InC 
Oolite,  Barendori";  Thumau,  Alunsl.;  Inf.  Oolite,  Bemne 
Jura,  Thar. 

71.  — = —  Brownii,  Sotv.     Inf.  Oolite,  Dundrj',  drnyb. 

72.  laevinsculus.  Sow.     Inf.    Oolite,   Dundry,   Braikenridge;  Inf. 

Oolite,  Nomi.,  De  C. 
7^^.  — — ■  acutus,  .Soil.'.     Oxford  Clay,  Inf.  Oolite,  Norm.,  Dt  C. ;  Lio*. 
Western   Islands,  Scotl.,  Mvrch. ;  \u(.  Oolite,  Haute  Saonr, 
Thir. ;  Wasseralfingen,  Zieten. 

74.  contractus.  Sow.    Inf.  Oolite,  Dundry,  Sow,;  Inf.  Oolite,  Nurm., 

DeC. 

75.  giganteua,  Sow,     Portland  intone,  Coral  Ra£,  and  Lias,  Mid. 

and  S.  Eng.,  Conyb. ;  Portland  Stone,  Isle  d'Aix,  Bronf. 
(var.) ;   Inf.  Oolite,  Haute  Saone,  Thir. 

76.  -. — Loraberti,  .Sofi'.     Portl.  Stone,  Cowyft. ;  RochelleLiuiest,  Z>«/i'., 

Coburg;  Hcinberg;  Bamberg, //oW. ,-  Oxf.Clny,  Bernese  Juzv. 

Thiir. 
*  yfin.  costulatus,  Rein. 

^  This  Ammonite  is,  according  to  M.  Deshayes,  c)ic  .-/.  h'mliuiux  oi'  Brutnix-r' 
and  tlie  A.  Arirtit  of  Si-1iIolhcim. 
X  Am.  raJiutu,  Rein. 


77. 


78. 


79. 
80. 
«1. 
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89. 


-f90. 
91. 
92. 
+93 


94. 

+95 
96. 
97. 
98. 
99. 

100. 


101. 
102. 


Ammonites  excavatUR,  Soto.    Coral  Rag,  Mid.  and  S.  Eng.,  Conyh.; 
Oxford  Clay,  Nonn.,  De  laB.;  Lias,  Norm.,/)e  C;  Altdorf, 

a.  T. 

armntua,  Sow.  Oxford  Clay  and  Lias,  Mid.  and  S.  Eng.,  Conyb.  ; 

Oxford  Clay,  Nomi.,  De  la  B. ;  Oxford  Clay,  Haute  Saone, 

Tfiir.;  Lias,  Buth,  Lons. ;  Oxf.  Clay,  Bernese  Jura,  TJiur, 
— —  modiolaris.  Smith,     Fuller's  Eartb  ?  Mid.  andS,  Eng.,  Conyb. 

Jugoitis,  Sow.     Inf.  OoUte,  Mid.  and  S.  Eng.,  Conyb. 

Stokesii,  .ym^?.'     Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyb.;  Lias, 

S.  of  ¥r.  Dufr. ;  Inf.  Oolite,  Haute  Saone,  Thir.  ;  Lias,  VVur- 

teniberg,  Zieteti.  ;  Lias,   Ubstudt,  near  Heidelberg,  Bronn ; 

Oxf.  Clay,  Inf.  Oolite,  Bemeac  Jura,  Thur. ;  laf.  Oolite,  Cal- 

vadas,  Dtsl. 
Strangwaysii,  Sinn.     Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyb. ; 

Lias,  Nomi.,  De  C. 
Brookii,  Sow.     Lias,  Lyme  Regis,  BuekL;  Lias,  Goppingeo, 

G.  r. 

— . Bechii,  SatX7,     Inf.  Oolite  and  Lias,  Mid.  and  S.  Eng.,  Conyb. ; 

Lias,  Lyme  Regi^,  De  la  B.;  Coburg,  HoU, ;  Lias,  Rottweil ; 

Balilingcn,  CS.  T. 
stellnris,  Soir.     Lias,  Mid.  and  S.  Eng.,  Conyb. ;  Lias,  Norm., 

De  C. ;  Lyme  Regis,  De  la  B. 
Greenot'ii,  Sow.  Lias,  Mid.  and  S.  Engl.,  Conyb.;  Lias,  Lyme 

Regis,  Dela  B.;  Halsbach;  Dunkelabulil,  G.  T. 
Loscorabi,  Sow.  Lias,  Mid.  «nd  S.  Engl.,  Conyb. ;  Lias,  Lyme 

Regis,  De  la  B. 
Bircliii,  Sow.     Lias,  Mid.  and  S.  Engl.,  Conyb, ;  Lias,  Lyme 

Regis,  De  la  B. ;  Lias,  Goppingen,  (i.  T. 
omphaloides,  Sow.    Portland  Stone,  Smv. ;  Oxford  Clay,  Norm., 

De  la  h. ;  Gt.  Arenaceous  Formation,  Western  Islands,  Scot!., 

Murch. ;  Oxf.  Clay,  Bernese  Jura,  G.  T. 

. quadratus,  Sow.     Inf.  Oolite,  Norm.,  De  C. 

Gervillii,  Sote.     Inf.  Oolite,  Norm.,  De  C. 

Brongniartii,  Sow.     Inf.  OoUte,  Norm.,  De  C. 

—  biplcx,  Sow.  Inf.  Oolite,  Norm.,  De  C. ;  Lins,  Ross  and  Cro- 
marty, Scotl.,  Murch.;  Oxford  Clay,  Haute  Jsaone,  Thir.; 
Solenbofen,  Ifaen. ;  Cnlc. Grit,  Oxf.  Clay,  Bt-mcai'  Jura,  Thur.; 
Randen;  Ratliliausen ;  Streitberg;  .Altdorf,  G.  T. 

—  rotundus.  Sow.  Inf.  OoEte,  Norm.,  De  C;  Kim.  Cluy,  Pur- 
beck,  Sow. 

—  decipiens.     Hohenstein,  Saxony;  Solenhofen,  ATun*/. 
— r  Deslongcliampi         .     Inf.  Oolite,  N.  of  Fr.,  Bobl. 

—  vulgaris  Bradford  Clay,  N.  of  Fr.,  BM. 

—  coronatna  Oxford  Clay?  N.  of  Fr., /<oW. 

—  Humphresianust,  Sow.  Lias,  S.  of  Fr.,  Dufr.;  Inf.  Oolite, 
Sbcrbome,  Sow.;  Li/is,  Boll,  Zieten, 

-^~  Parkinsoni,  Sow.  Lias,  Yeovil,  Sow. ;  Inf.  Oolite,  Baycux, 
Alajendie ;  Inf.  Oolite,  Hohenstein ;  Biircndorf;  Thumaxi, 
Mumt.;  AVasseraltingen  ;  Wisgoldingcu  ;  Bopfingen,  (r.  7*. 

—  Guliehiiii,  Souk     0,tford  Clay,  S.  Engl.,  Sow. 

—  Davici,  Sotu.  Lias,  Lyme  Regis,  Dc  la  B. ;  Lias,  Waaieral- 
fingen,  Wurteniberg,  Zieten. 

—  planorbis,  Sow.     Lias,  Watchet,  Somerset,  Sow. 


•  A.  jimaltheut. 

t  Found,  according  to  Sowerby,  in  the  Suifolk  graveL 

X  Am.  BoUetiiu,  Zieten. 
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104.  Ammonites  Johiistonii,  Sow.     Lias,  Watchet,  Sotnenet,  Som.;  Lu, 

Batb,  Lon*. 

105.  comigatun,  Sow.     Inf.  Oolite,  Dundry,  Braikearidge, 

106.  rotiformis,  Sour.     Lias,  Yeovil,  Sow. ;  List,  Batb,  Lou. 

107.  multicostatus.  Sow.     Liat,  Bath,  Sow. 

1 08.  —  IfGvigatus,  Sow.     LiaJS,  Lyme  Regis,  De  la  B. 

109.  «^- latsecostata,  Sow.     Lias,  Lynie  Regis,  Mvreh. 

110.  Murchisona!,  Sotv.     Micaceous  Sandst,  Holm  CliffJ  Wrsteni 

Islands,  Scutl.,  March. ;  Inf.  Oolite,  Allingtoa  tiear  Bridpori, 
March. ;  Wasseralfingen  ;  Guiidershofen ;  Wiagoldingen ; 
Guslar,  G.  T. 
in.  — — —  scrpcntinuB*, /?<-i»i.  Inf.  Oolite,  Haute  Saone,  Thir.;  Lbi, 
Guudersbofen,  Vottz. ;  Lias,  Ubstadt,  near  Heidelber;g,£raM,- 
Lias,  Altdorf ;  Boll,  G.  T. 

112.  ^  crislatus,  Di'fr.     Weymouth,   Bryer ;   Oxford    Clay,   Haute 

Saune,  Thlr. ;  Oxf.  Clay,  Bernese  Jura,  Thar. 

113.  ^^^^  intemiptiis, -ScA/of.     Oxford  Clay,  Houte  Saone,  Thir.;  Thi^ 

nau,  JIoU. ;  Oxf.  Clav,  Bernese  Jura,  Thttr. 

114.  ojiflUnus,  Re'mecke.     Lias,  Gundershofen,  VoIIk, 

Wfy. latina,  Sow.     Coral  Rag,  Wilts,  Lotu. 

IIG.  miimoniiis,  .Vc/i/o/.     Lias,  Gundersbofen,  ^'o/^  ;  Altdorf,  ^o& 

117.  coroptusf,  yfeinfcAf.     Lias,  Gimdersbofen,  fo/Zz;   DanzdiMi 

ZleUrt. 

118.  — — —  pianulatus,  De  Haan.     Bairewth,  HolL 

119.  knorrianus,  De  llaan.     Boll,  Wurtemberg,  HoU, 

120.  Reioeckii,  Holl.     Coburg,  lioU. 

121.  pustutalus,  T?*-!!/.     Cobiirg;  'I'huiTiau, //o//. 

r^.2.  granulatus,  Brug.     Coburg,  Holl. 

123.  bifurcauis,  firu^.     Coburg;  Baireuth, //otf. ;  Coral  Rag,  0(^ 

many,  Von  Buck. 
121.  —-  —  -  trifiircatus,  De  Haan.     Coburg,  HoU. 
125.  macroceplialusj,  Scklot.     Aarau;  Coburg,  Holl.;  laf.  OoBt*. 

SoiUliem  Germany,  Munst. ;  Vaches  Noires,  Calvados,  C.  T, 

12(3.  Planula,  Ifei/L     Donzdorf,  Hall. 

127. Fotiticola 4,  ATcKcAf.    Ftrniginous  Buds,  Thumau  ;  Lanphuim; 

f'on  Bucb;  Ganiclsliauscri,  Zieten ;  Oxford  Clay,  Haute  Ssooc, 

Thir. ;  Oxf.  Clay,  Bernese  Jura,  Thur. 

128.  BcutatUB,  Von  Back.     Lin»,  Banz,  near  Bamberg,  f«i  Bveii. 

I'iy.  canaliculatus,  jVmmJ.     Wdschnau,  Aarau;  Furstenberg;  Lo- 

chenberg,  Bahlingen,  you  Buck. 

130.  flexuosus,  Munst.     Coral   Rag,    Streitberg,    near    Erlnnfen; 

Donzdorf,  Swabia;  Rathhausen,  near  Bablingeu;  summilof 
Mont  Randen,  near  Schafhausen,  I'oh  Buck, 

131.  crenatus,  iZei'fi.     Coral  Rag,  Germany,  Von  Buck. 

132.  — '  BubliBvis,  Mvnat.     Donzdorf,  Zieten. 

13:}.  hccticus,  Rein.     Inf.  Oolite,  Gamelshausen,  ZieUn;  Oxf. CUj, 

Bernese  Jura,  Thur. 
IH\.  Pollux,   Bein.     Inf.  Oolite,   Gnmelshausen,  Zieten;  Vaches 

Noires,  Calvados;   Goslar;  Thurunu,  G.  T. 

135.  ttHjuistriatus,  Munst.     Lias,  Wurtemberg,  Zieten. 

136.  ^^  in.tqualis,  Merian.     Bale,  Mvrian. 

137.  teuuistriiitvis,  Mutitt.     Solenbofen,  /lam. 

138.  dubius,  Schlol.     Ganielabausen,  Zieten ;   Oxf.  Cloy,  Bcnios 

Jura,  Thur. 

*  Am.  Strangwayrii,  Sow.,  accordiag  to  G,  T. 

t  Am,  gracilu,  Munst  I  Am.  lumidut.  Rein. 

}  According  to  Von  Buch  this  Ammonite  is  figured  us  A.  Lurnnla  by  H.  Zieim. 
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Lias,  Boll,  Zii'lfH. 
Inf.    Oolite,    GuttenWrg,    Wurtemberg, 


139.  Ammoiiitts  Kridion,  Ri-in.     Lina,  Stutgard,  Zieten. 
140-  Ja»on,  Iteiii.     Lias,  Gamelshaiuet),  Zktea. 

141.  . jtltemans,  I'on  liuch.     Coral  Itag,  Muggenctorf,  Gailenreutli, 

&c.  Foil  Buck. 

142.  Giga*,  Zieten.     Riedliiigen  on  llie  Danube,  Zieten. 

143.  dcnticaktUD,  Zie^Mi.     Liaa,  Boll,  Z/e/fw  ;  Oxf.  Clay,  Berneie 

Jura,  Thnr. 

144.  raricostatus,  Zieten. 

145.  decora tus,    Zieten. 

Zieten. 

146.  bipartitus,  Zic<<?«.     Inf.  Oolite,  Guttetiberg,  Zie/en. 

147.  tonilosus,  5'e/i«W«;r.     Lias,  Stuifenberg,  Z*j;<«i. 

148.  ^~^—  obli(]iie-coiitatu<),  Zieten.     Lias,  Kaltcntlial,  near  Stuttgart, 

Zieten. 

149.  — insignis,  SchiiUer.     Lias,  Reicbenbach,  Zieten. 

150.  oblique-in  temiptiis,  .SVAtt'Wtfr.     Lias,  Wa.Hiteralfingpn,  ^ie<*n. 

151.  — ^—  polygonius,  Zieten.     Lias,  Zell,  near  Boll,  Zicrfen. 

152.  discuidcB,  Zieten.     Lias,  Rcichenbach,  Zieten. 

153. ~  bispinosua,  Zieten.     Waaseralfingen,  Zieten. 

154.  biamiatus,  lyow.     Hoheasttein,  Saxony ;  Bavaria,  Wurtemberig, 

Switzerland ;  Munst. 

155.  liBvis,  Schlof.     Inf.  Oolite,  Southern  Germany,  Muiut, ;  Liaa, 

near  Hi-idelberg,  Bronn. 

156.  colubrinus,  Rein.     Oxf.  Clay,  Bernese  Jura,  Thur. 

157.  -^  liEvigatns,  Scklot.     Oxf.  Clay,  Bcmesc  Jura,  Thur. 

158. anceps,  liciit.     Oxf.  Clay,  Bemeae  Jura,  T/mr. 

159.  -' inflatus,  Rein.     Oxf.  Clay,  Bernese  Jura,  Thur. 

160.  — ^ Deluci,  ^/.  Brong.     Nenhausen,  G.  7". 

161.  — Comensis,  Von  Buck.     Neuhausen,  0.  T. 

162.  alternana,  Von  Buck.     Coral  Hag,  Bamberg,  G.  T. 

163.  criatatus,  Sow.     Guttcnbt'rg,  Strcitberg,  G.  T. 

164.  polygyratus,  Rein.     Donzdorf;  Raiiden,  G.  T. 

165.  —  tripartitus,  Smtt.     Randcn,  G.  T. 

166.  multiradiatua,  Ren}).     VViltibald^burg,  Eicbstadt,  G.  T. 

167.  —  longidorsntus,  Fon  Bitch.     Liaa,  Mouticrs,  Caen,  G.  T. 

168.  — — ^  asper,  Aferian,     Haute  Rive,  Neufchatet,  G.  T, 

169.  planorbiforniis,  Mungt.     Liaa,  Bavaria,  G.  T. 

170.  colubratua,  jVon//.     Lias,  Vaichinpen;   Diinkelsbiilil,  G.  T. 

171.  angulatus,    Schlot.      Liaa,    Neckar  Tlmilfingfin ;    WcUerscn, 

Scbfppcnstadt,  G.  7'. 

172.  natrix,  Schlot.     Lias,   Babbngen;   Gr.  Brunsrodc ;   AJtdorf, 

G.  y. 

1 73.  funicularia,  Fon  Buch.     Lias,  near  Straaburg,  G.  7*. 

1.  Aptyeliua*  laevis,  jl/ejTfr.     Solcnliofen;  Stafelstein,  Bavaria,  Meyer; 

Stufenberg;  Banzberg,  .\mberg,  G.  T. 

2.  imbricatug,   Meyer.      Solenhofeii,  Meyer ;    Lias,  Banzbcrg, 

G.  T. 

3.  bullatus,  Meyer.     Liaa,  Banz,  Meyer ;  Lias,  Boll,  G,  T- 

4. Elosma,  Meyer.     Lias,  Banz,  Meyer ;  Lias,  Boll,  G,  T'. 

1.  Onychotcuthis  angusta  f ,  vl/ttii«/.     ^o\c f\\\ottin,  RiippelL 
1.  Sepin  antiquaj,  Munxt.     Solenhofen,  Riippeli. 

,  remains  of,  with  ink-bngs  prL-surveti,  Lias,  Lyme  Regis,  Buckl. 

Rhyncolites,  or  Sepia  beaks,  Lias,  Lyme  Itegis,  De  la  B. ;  Lias,  new 
Bristol,  Miller. 


•    TrigonrlUirs,  ParkiiKtO)) ;   Tellimtet,  Schlulbeim. 
f  Loligo  prisca,  niippell. 
X  Sepia  liruliefm-mh,  Riippelt. 


ClIl'STACC*. 

1.  Pagiirus  mysticus,  Germar.     Solenhofen,  Holl. 

1.  Eryon  Cuvieri, /)«•*»«.     Sokniiofea;  Erchstadt,  Pappeuheim, //ofl. 

2.  muticus,  Germ.     Solenhofen,  G.  T. 

3.  propinquus*,  Germ.     Solenhofen, //otf. 

4.  Bpiniinarius,  Germ.     Solenhofen,  G.  T. 

I.  Scyllanis  dnbiiw,  J] oil.     Solenhofen,  Holl. 

1.  Palcemon  spkiipes,  Detin.     Pappciiheim,  Solenhofen,  If  oil. 

2.  longtmanatiis,  Ifoll.     Solenhofen,  I/oU. 

3.  Walchii,  I/oU.     Pni>i>euheim,  /foil. 

1.  Astacus  modestifomiis,  /foil.     Solenhofen,  /foil. 

2.  — minutus,  IfoU.     Solenhofen,  Jfoll. 

3.  rostriitus,  f'hil,     Kelloway  itock  and  Coral.  Oolite,  York*., i***/. 

4.  - — — —  leptodactylus,  Germ.     Solenhofen,  G.  T. 

5.  spim'riianus,  Germ,     Solenhofen,  G.  T. 

6.  fusifonnis,  ffolL     Solenhofen,  G.  T. 

,  species  not  determined.     Oxford  Clny  and  Lins,  Yorlu.,  PhiL 

Cnutacea,  not  yet  determined.  Lias,  Midi,  attd  S.  Engl,,  Conyb. ;  Lyme 
Regis,  De  la  B. ;  Forebt  Mjirble,  Nornmndy,  Dt  Cau,; 
Stonesfield  Slate,  Conyb. ;  Bradford  Clay,  Norti>  of  PTsaee, 
Bobl. 

Insecta. 

Insectsof  the  families  Libellula;  .'Kschna;  Agrion;  Myrmdeon?  Sirai? 

Solpaga.'  Solenhofen,  Afurut.,  March.,  G.  T. 
Elytra  of  coleopterous  insects.     Stonestield  Slate,  Leach,  BueiL 

Pisces. 

1.  Dapedium  politum,  De  la  B.     Lias,  Lyme  Regis,  De  la  B,;  Lias,  and 
Oxford  Clay  of  Normandy,  De  Cau. 

1.  Clupea  sprnttiformis,  Blain.     Solenhofen,  Jlotl. 

2. dubia,  Blain.     Solenhofen,  G.  T. 

3.  Knorrii,  Blaiii.     Solenhofen,  G.  T. 

4.  — —  Solnionea,  Blain.     Solenhofen,  G.  T. 

5.  Davilei,  Blain.     Solenhofen,  G.  T. 

1.  Esox  aviroetris,  Germ.     Solenhofen,  G.  T. 

2,  acutirostris,  Blain.     Solenhofen,  G.  T, 

1.  Uracua  graeilii,  yfg.  Lias,  Wurtemberg,  jfg. 
1.  Sauropsia  latus,  .-/(?.  Lias,  Wurtemberg,  /Ig. 
1,   Ptycliolepis  Liollenais,  -lYy.      Lins,  Boll,  .-fg. 

1.  Semionotus  Icptocephalus,  v-f^^.     Liiia,  Zell ;  Boll,  A g. 

1.  Lepidolcs  Gigas,  .iff.     Lias,  Ohmden,  Boll,  Ag. 

2.  frondosus,  /fg.     Lias,  Zell ;  Boll,  ^g. 

3.  oraatus,  .4g.     Lias,  Wurtemberg,  uig. 

1.  Leptolepis  Bronnii,  jig.     Lias,  Neidingen,  Ag. 

2.  Jt^eri,  .fg.     Lias,  Zell;  Boll,  .ig. 

3.  longus,  Ag.     Lias,  Zell ;  Boll,  .tg. 

1.  Tetragonolepis  hetcrodcrma,  yfjT.     Lias,  Zell;  Boll,  ,/f^. 

2.  ■ —  semieinctiis,  lironii.     Lias,  G.  T. 

— pholidotus,  .1g.     Lias,  Zell ;  Boll,  Ag. 

Traillii,  Ag.     Lias,  England,  C.  T. 

Fish,  species  not  yet  determined.     Several  in  tht  Lias,  Lyme  Regit, 

De  la  B. ;  Barrow,  Leicestershire,  Cough. ;  Portland  Beds, 
Tisburj',  Wilts,  Benelt. 
Ichthyodondites,  Buckl.  Sc  De  la  /i.     Different  kinds.     Lias,   Lyme 
Regis,  and  elsewhere  in  SoutheiTi  and   Midland  England, 

*  Eryon  Sehltthtimii,  HolL 
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Conyb.  Sf  De  la  D. ;  Kimnieridee  Clay,  near  Oxford,  Ruckl.; 
Stonesfield  Slat«,  liuckl.  la  the  Great  Oolite,  Normandy, 
De  Cau. 
Fiab  palates  and  teeth.  Lias,  Lyme  R-egis,  and  Somersct^liire,  &c. 
Conyb. ;  Sloiiostield  Slntc,  Bttckl. ;  Grertt  Oohte,  Normandy, 
De  Cau.;  Cornhrash  and  Forost  Marble,  North  of  France, 
Bobl. ;  Coral.  Oolite,  Oxford  fluy,  Yorks..  PhU. ;  TorSland 
Beds,  Tiabury,  VVilU,  Benett. 

Reptilia. 

Ptcrodactylus  macronyx,  Buckl.     Lias,   Lyme  Regis,   Buekl. ;    Lias, 
llaiiz,  Bavaria,  Afeyer. 

longirotitris,  Ciir.     Aichgtadt,  CoUini, 

brcvirostris,  Cuv.     Aichstadt.  Cuv. 

-  '-- —  grandis,  Cuv.     Solcuhofeu,  JJoll. 

—  crassirostris,  Gold/.     Soleiihofen,  Gold/. 

mediiis,  Mumt.     Moulieini,  SchmlzUin. 

Munsteri,  Gold/.     Monhcim,  Gold/. 

Pterodactyl  us,  species  not  known.     Stoneiitield  Slate,  Buckl. 

Macrospuiidyhiii  Bolleiists*,  f'on  Meyer.     Lias,  Boll,  Jay. 

CroctMlilu»  cylindrirostria,  Cuv.     Kina.  Clay,  lIAvre,  Al.  Brang. ;  Alt- 

dorf,  G.  T. 

brcvirostris,  Cuv.     Kim.  Clay,  H&yre,  Al,  Brong. ;   Altdorf, 

G.  T. 

f3.  Crocodile  of  Mans,  Ciiv.     Great  Oolite,  AL  Brong. 

— remains,  species  not  determined.     Lias,   Yorks.,  PhU.;  Lias? 

Lyme  Regis,  De  la  li. ;  Carnbrosli,  Kngt.,  Conyh. ;  Stones- 
field  Slate,  iiuckl.;  Coral.  Oolite,  Yorks.,  Phil.;  Inf.  Oolite, 

Calvudos,  Her. 
Tcko&aunts  Cadvmcnsia,   Geoffroy  St.  Hilairt.     Great  Oolite,  Ca«n, 

De  Cau. 
Megalosaurus  Buclclondi.     Stoncsfield  Slate,  Buckl. 

,  species  not  kuown.     Great  Oolite,  Nonnaady,  De  Cau. 

Geosaiinis  BoHensia,  Jdg.     Liaa,  Boll,  Jiig. 

Sommeringii,  Cur.     Monheim,  Sommer'mg. 

Lacerta  Neptunia,  Gold/.     Monlieim,  Goldf. 

gigantea,  MutuL     Monheim,  G.  T. 

Rhacheosaurua  gracilis,  Meyer.     Hailing,  Solenhofea,  Meyer. 

VElodon  priscusf,  Fon  Meyer.     Monhcim,  Sommering. 

Pleurosaurus  Goldfussii,  Meyer.     Doiting,  Meyer. 

Pleaioaaunis  dolichodeirns,  Conyb.     Lias,  L}Tiie  Regis,  &c. 

recentior,  Conyb.     Kim.  Clay,  Engl.,  Conyb. ;  Kim.  Clay,  Hun- 

fleur,  A  I.  Brong. 

— carinatus,  Cuv.     Great  Oolite,  Boulogne,  Al.  Brong. 

^ pentagonus,  Cuv.  GreaiOolite,  Ballon  and  Clia\ifour,  ALBrong, 

?  trigonus,  Cut.     Great  Oolite,  Calvados,  Al,  Brong. 

macrocephalus,  Com/b.     Lias,  Lyme  Regi.s,  De  la  B. 

,  species  not  deleruiincd.     O.xford  Clay,  Stenay,  Bobl. ;  Oxford 

Clay,  Calvados,  De  la  B. ;  Lias,  N.  of  Ireland,  Bryce ;  Liaa, 

Whitby,  Dunn. 
Ichthyosaurus  communiii,  De  la  B. ;  Lias,  Lyme  Regis,  &c.  Engl., 

Canyb.,  &c. ;  Liaa,  Boll,  Wurtemberg,  Jag.;  Banz;  Fried- 

richBgemiind,  G.  T. 
platyodon,  De  la  B.     Lias,  Lyme  R^is,  &c  Engl.,  Conyb.,  See. ; 

Lia.s,  Boll,  Jiig. 


*  Crvcodiluf  Bolk»4it,  i'dg. 


i  CrK9dilu4  pritau,  Sonunering. 
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Ichthyosaurus  tenuirostris,  De  la  B.     Lias,   Lyme  R«gis,  &c.   Cotsyb„ 
&c. ;  Lina,  Boll,  Jdff. 
^  intermedins,   Couijb,     Lias,    Lyme  Regis,   &c.    Conyb.,  &c ; 
Liaj,  Bull,  Jag. 

—  ■  ,  species  not  determinod.  Lias  and  Inferior  Oolite,  Normandj, 
De  Cau.  ;  Lia«,  Vurks.,  P/iil. ;  Oxford  Clay,  Kngland<  Conyb.; 
Oxford  Clay,  Nomiandy,  De  la  R. ;  Great  Oolite,  Rengnj, 
Brong. ;  Coral.  Oolite,  Yorks.,  Phil. ;  Calc.  Grit,  Midi.  Eng., 
Coni/b. ;  Kim.  Clay,  O.xford,  Buckl. ;  Kim.  Clay,  Weymouth, 
De  la  B.;  Kim.  Clay,  Honfleur,  Brong. 

Saurian  bones  occur  in  »he  Kelioway  Rock  and  Bath  Oolite,  York*., 
P/ii[, ;  in  the  Portland  Stone,  Buckl.  8f  De  la  B. ;  Lias,  Cal- 
vados, Her. 

TortoiK.  Stouesfielil  Slate,  BucA/. ;  Lias?  Engl.  Conyh. ;  Solenhofen, 
Munst. 

Mammalia. 

Didclphia  Bucklandi,  Broderip.     Stoncsfield  Slate,  BuckL 
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Variegated  Marlt, 

Plants. 

Equisetum  Meriani,  Ad.  Brong.     Neue  Welt,  Basle,  Ad.  Brong. 
arenaceuin*,  BrowH.     Near  Heidelberg,  5ro«n;  Wurtembcrg; 

France,  G.  T. 

uAumxi&re, Ad. Brong.    Lorraine;  .'\lsace;  Wurtembcrg, /fosr<. 

Pccopteris  Meriani,  Ad.  Brong.     Neue  We!t,  ,4d.  Brong. 
Tajniopteris  vittata,  Ad.  Brong.     Neue  Welt,  Ad.  Brong. ;  Wurtem- 

berg,  G.  T. 
Filicites  Stuttgardiensin,  Ad.  Brong.     Wurtemberg,  Rozel,  O.  T. 

lanceolata.  Ad.  Brong.     Wurtemberg,  Roxet. 

Marantoidea  arcnncen,  Jceg.     Stuttgart,  G.  T. 

Pterophylhim  long'ifolium.  Ad.  Brong.     Neue  Welt,  Ad.  Brong. 

Meriani,  Ad.  Brong.     Neue  Welt,  Ad.  Brong. 

JiEgcri,  Ad.  Brong.     Wurtemberg ;  France,  Rozet, 

Radiaria. 

Ophiura,  species  undetermined.     Vosges,  Rozet. 
Cokchifeka. 

Plagiostoma  liiicatum,  Broun.     Wurtemberg,  G.  T. 
Cardium  pectirvatum,  Fon  Alb.     Wurtemberg,  G.  T. 
Trigonia  vulgaris,  Scfilot.     Louisburg,  G.  T. 

curviroatria,  Schiot.     Louisbtirg;  Schwenningen,  O.T, 

sulcata,  Goldf.     Villengen,  G,  T. 

Mya  miisculoides,  SchloL     Sulz  on  the  Neckar,  G.  T, 

elungata,  Schlot.     Sulz  on  the  Neckar,  G.  T. 

Avicula  socialist.  De*h.     Suiz,  G.  T. 

aubcustata,  Goldf,    Sulz,  G.  T. 

~  UneatB,  Goldf.    Sulz,  G.  T. 

Posodonia  Keuperiiia,  f'oltx.     Swabia;  Hal],  G,  T. 
— — - — '  minuta,  I'on  Alb.     Ilottweil,  G.  T. 
Modiola  minuta,  Goldf.     Rottweil,  G.  T. 


*  Cakmittt  arenoceui,  Jsg. 


I  Mytilm  ueialii,  SchloL 


BaUbron,  Hoen. 

MOLLUSCA. 

.     Sulz  on  tbe  Necluur,  G.  T. 
Pisces. 
Scidmaniisdorf ;  Neusca;   Seidingstadt,  Co- 

Reptilta. 

Phj'tosaiinis  cyliddricodon,  Jttg.     Bull,  Jtprj. 

cubicodon,  J<rg.     Bull,  Jttr), 

1,   Ma5todonsaurus  Ja-gen,  Iloll.     Gaildorf,  C.  T. 

1.  Ichthyosaurus  Lunevillensis,         .     Wurtcmberg,  O.  T. 

Plesiosaurus,  species  not  dctcmimtd.     Diirrheim,  Ham. 

Muschdkalk. 

Plant,*. 

1.  Neuropteria  Gailliardoti,  Ad.  Brong.     Lun6viUe,  Ad.  Brong. 
1 .  Mantellia  c)'Undric8,  Ad.  Brotuj.    Lun^ville,  Ad,  Brong. 

ZoOPHYTt. 

1.  Aetrea  pediculata,  Detk.     Locality  not  stated. 

Radiaria. 

1,  Cidaris  grandaevis,  Goldf.     Wiirtemberg,  G.  T. 

1,  Ojihiura  priaca,  Muiul.     IJaireuth,  GvldJ. 

2.  loricata,  Gold/.     Schwciiiiint:en,  Wurtemberg,  G.  T. 

1.  ABteriau  obtiiaa,  Gold/.     Miirbaeh,  Viltengen,  G.  T. 

1.  EncTUiites   monihformis,   Mill.      Goltiiigeii;    Wurtemberg;    Polond; 

F" ranee,  fee.,,  fur.  Juth. 
1.  Pentacrinites  dubius,  Gold/.     Riidersdorf^  O,  T. 

Annulata. 

1.  Serpula  valvata,  Goldf.     Baireuth,  Gold/. 

2.  ^  colubiiiia,  Gold/.     Baireuth,  Gold/. 

CoNCHIFERA. 

1.  Terebratula  communis +,  .flojic.     Gbttingen, //«■«. ;  Wurtemberg;  Lu- 

n^ville;  Toulon,  Al.  Brong.;  Kiehcit,  Basic,  (V.  J". 

2.  perovalis,  Schlot.     Jena,  Ifwn. 

3.  — sufflata,  SckloL    Jena,  Ha-n. 

4.  orbimlnta,  Sclitot.     Domhorg,  Jena,  Heen. 

I.  Dclthyiis  seTnicircuInris,  Gold/.     Villcjigen,  G.  T. 
1.  Lingula  tenwiBstma,  Ilronn.     Ilottweil,  G.  T. 

1.  Oatrea  placunoidei;,  Atutut.     Baireuth,  G.  T. 

2.  aubanomia,  Muntt.     Baireuth,  G.  T. 

3.  • renifonnis,  Muiut.     Baireuth,  G.  T. 

4. diffonnis,  Schhf.    Baireutli ;  Wurtemberg,  G,  T, 

5.  multicostata,  Munst,     Wiinberg,  G.  T. 

6.  complicata,  Gold/.     Baireuth;  Villengen,  G,  T. 

7.  decemcostata,  Munit.     Baireuth,  G.  T. 

8.  Bpondyloidea, Schlot.    Quedhnberg,  Ham.;  Gbttingen  ;  Lun^ville ; 

Toulon,  AL  Brong. ;  Baireuth ;  Brombach,  G.  T. 


H«ti»  tmrbilimiK,  Schlot. 


f    T.  vulgarit,  and  T.  tutirolunda,  Schlot. 
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OstTM  comta,  GoUf.     RottvnU  G.  T. 

Gryphan  prnca.  Gold/.     VLUen^a,  G.  T. 

Pccten  retiraktiu,  Schiot.     Gdttiiifen,  Hvtm. ;  Gotha,  G.  T. 

Aibcrtii.  GoUf.     Villengen,  Riidenaoif,  G.  T. 

keri^tiu.  Gold/.     Wuitembetg ;  Hagen;  Bromberg;  Bairexith; 

Gotha,  G,  T. 

-^ —  ducites,  SchloL     Wurteiaberg ;  Rjcben,  Basle ;  Riidendoif ;  Po- 
land, G.  T, 
Plagioatoma  Une»tuin  *,  Brmm.     Michelstadt,  Hon. ;  Gdttmgen,  AL 

Brxmg.;   Mosbach,  Heidelberg,  Bronm;  Wurtemberg- ;  Bai- 

teuth;  Weimar,  G.  T. 

striatuni,  Sehlot.     Germany ;  France ;  Poland,  G.  T. 

rigidum,  Sehlot.     Ranhthal,  Jena,  Ham. ;  Giittingen,  Al.  Brong. 

^—  Isrigatum,  Sehlot.     Mmbacb,  Ham. 

punctatunv  Schlol,     Gbtdngen ;  Gotha ;  Touloa,  AL  Brtmg. ; 

Weimar;  Baireuth,  G.  T, 
Avkula  aocialis,  Deth.     Gotha ;  Sachaenburg,  Sehlot. ;  Weimar,  Han. ; 

Gottingen;    Mont   Mcianer;    Wurtemberg;    Lun^ville,  .11. 

Brong. ;    rbi>enbubrcD  ;    Riider»dorf ;    NischwiU  ;   Wehrau ; 

Kalinovritz,  G.  T.;  Heidelberg,  Bronn. 

costata,  Bronn.     Wiirtembeig ;  Bairciitb,  G.  T. 

crispata,  Goldf.     Friedrichshall,  G.  T. 

Broiinii,  Von  Alberii.     Villingen,  G.  T. 

Mytilus  vetustuaf,   GMf.     Gottingen;  Lun^rille,  ALBrtmtf.;  Wb 

tembei^;  Hagen;  Baireuth,  G.  T. 
Trigonia   vulgaris,  Sehlot.     Weimar,  Htm. ;   Gottingen,  Al.  Bn 

Wurtemberg ;  Riedern,  Waldshut ;  Baireuth,  C.  T. 
Pe§-an9eri*,  Sehlot.     Lun^riUe ;  Mosbach,  Horn. ;  Gotliuj 

Al.  Brong. 

cur^-irostrii,  Sehlot.     Wurtemberg,  G.  T. 

—  cardissoides,  Goldf.     Wurtemhere,  G.  T. 

laevigata,  Goldf.     Marbach,  G.  T. 

GoldfuHsii,  I'oti  Alberti.     Marbach,  G,  T. 

Area  iniequJvalviei,  Goldf.     Freudenstadt,  Schwarrwald,  G.  T. 
Cardium  striatum,  Sehlot.     Wurtemberg  ;  Gottingen,  At.  Brong. 

pectinatuni,  I'oti  .ilh.     Wurtemberg,  G.  T, 

Mya  musailoides,  Sehlot.     Weimar ;  Wurtemberg ;  Upper  Slleaia ; 

land,  G.  T. 

elongata,  Sehlot.     Wurtemberg,  Al.  Brong. ;  Seewangen,  Wald- 
shut ;  Upper  Silesia ;   Poland,  G.  T. 

ventricMa,  Sehlot.     Luneville,  Al.  Broiig. ;  Wurtenibctg.  G.T^ 

mactroides,  Sehlot.     Marbach ;  Upper  Silesia ;  Poland,  G. 

rugosa,  t'on  Alberti.     Rottweil,  G.  T. 

.  VcmiA  nuda,  Goldf.     Marbach,  G.  T. 

Mactra?  trigona,  Goldf.     Marbach,  G.  T. 
,  CuccoUsa  minuta,  Goldf.     Villengen,  G.  T. 

MoLLU»CA. 

,  Calyptneat  discoides,  Sehlot.     Villengen,  G.  T. 

Cipulus  mitratua,  Goldf.     Villengen,  G.  T, 
.  Dciilalium  tormuitiim,  Sehlot.     Giittingen,  Al,  Brong. 

,  Iwve,  Sehlot.     Gottingen,  AL  Brong. ;  Alpirtbacb ;  Boirenlh, 

G.  T. 
.  Trochus  Alhertinus,  Goldf.     Rottweil,  G.  T. 
.  Turritellfl  ob»oleta5,         .     Gottingen,  ^aw.  ;  Weimar,  G.T. 


*  Chama  tineata,  SchtoL 
X  Patdhtes. 


f  M^tilm  cdttliformh,  Sehlot. 
(  Bu  rriiRDn  otmrklmm,  Sdlldt. 
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1.  Palimuiia  Suuurii,  Dexm. 
SaarbrUck,  G.  T. 


2.  Tumtella  deperdiUi,  Galdf.     Weimar,  G.  T. 

3.  dftrita,  Goldf.     Culmbacli,  G.  T. 

4.  scalata*,         .     Wiirtembcrg;  Riidcradorf,  G.  T. 

6.  -?  teTebralis,  Schlot.     Weimar,  //eeii. 

1.  Buccinum  gregarium,  Hc/ilol.     Riideredorf,  G.  T, 

2.  — — turbiliniiin  f ,         .     Wurtemberg;  Seewangen,  Waldshut;  Rit- 

dtrsdorf,  G.  T. 
1.  Stronibus  denticulaUis,  Schlot.     Rudersdorf,  G.  T. 

1.  Nadca  Guilliarddti,  Lrfroy.     Wurtemberg,  G.  T. 

2. Pulla,  Goldf.     Rottweil,  G.  T, 

1,  Turbo  diibiuB,  Munat.     liadsel,  Bronu;  Sccwangcn;  Riedem,  G.  T, 

2.  a;igant«is,  Schlot.     Seewnngen,  G.  T. 

1.  NautiTuB  liidoreatus,  .ScA/ot.    Weimar, //tp«.;  Wurtemberg,^/.  iBrony.; 

Gijttingen ;  Riidersdorf ;  LunC'ville,  G,  T. 

2.  nodosus,  Mmut.     Germany,  JUuust. 

1.  Ammonitea  nodosus,  Schlot.     Wtimar,  Htxn. ;   Gdttingcn;   Wurtem- 

berg ;  Toulon,  Al.  Brong. ;  Lorraine,  Beaum. ;  Tarnowita, 
G.  T. 

2.  bipartitus,  Gailliardol.     Lun^ville,  AL  Brong. 

Rhyncolttes.     Jena;  GcitCiugen;  Wurteniberg ;  Lun^rille;  Rehainiril- 

IfTH,  G.  r. 

Chustacea. 
Diirrlieim,   Villingeii,  flaen. ;  Blittursdorf, 

Pisces. 

Fish,  and  Fish  TeeLh.     BaireuUi;  Wurtembcrg;  Rudersdorf,  ATimW., 
G.  T. 

Reptflia. 

Plestoftaunis,  species  not  dctcrmitmd.     Wurtcmberg, /ic^.;  B&ireuth; 
Rudersdorf,  G.  T. 
I.  Ichthyosaurus  Luiievillensiu,         .     Luneville;  Wurtomberg,  G.  T. 
Great  Saurian,  genua  not  deterniiued.     Luneville,  Al.  Brong. 
Crocodilus,  species  not  determined.     Riidersdorf,  G.  T. 
Cbelolia,  species  not  determined.     Luneville;  Rindlocberberg;  Leincc- 
kerberg,  G.  T. 

Red  or  Variegated  SandstOHe. 
Plant,«. 

L  Emiisctum  columnare.  Ad.  Brong.     Sulz-les-Bains,  G,  T. 

1.  Calainitesarcnaccus, ..^t/.Zfron^.    Wasttelonne ;  Mannoutier(Bas-Rhin)fl 

Ad.  Brong. 

2.  remotirs,  Ad.  Brong.     Wasaelonne,  Ad.  Brong. 

1 .  Anomopteris  Mougeotii,  Ad.  Brong.     Waaselonne ;  Sulz-lca-Baius,  Ad. 

Brong. 

1.  Neuropteris  Voltzii,  Ad.  Br&ng.     Sulz-les-Bains,  Ad,  Brong, 

2.  — L'legans,  Ad.  Brong.     Sulz-les-Bains,  Ad.  Brong, 

1.  SpliuMiojituris  Myriopliyllum,  Ad.  Brong.     Sulz-les-Bains,  Ad.  Brong. 

2.  pahnetta.  Ad.  Brong.     SuJz-les-Bains,  Ad.  Brong. 

\.  Filicites  scolopeiidrioides.  Ad.  Brong.     Sulz-les-BainK,  Ad.  Brong. 

1.  Voltzia  brevifoUa,  Ad.  Brong.     Sulz-les-Baius,  Ad.  Brong. 

2.  elegans,  Ad,  Brong.    Suk-les-Bains,  Ad.  Brong. 

3.  — Hgida,  Ad.  Brong,    Sulz-Ie»-Baina,  Ad,  Brong. 


I. 


*  Strmnlmt  tcalatut,  Schlot. 


'f  lltlut  turbiltntu,  ScfalvL 
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4.  Voltzia  aratifolia,  jid.  Brong.     Salz-Ie»-Bnins,  Ad.  Brong. 

5.  heterophylla.  Ad.  Brong.     Sul«-les-liains,  Ad.  Brong. 

1.  CoQTiillarites  erecta,  Ad.  Brong.     SnIz-lcs-Buins,  Ad.  Brong. 

3.  nutans,  Ad.  Brong.     Sulz-les-Bains,  Ad.  Brong. 

1.  Paleoxyris  regularii,  Ad.  Brong.     Sulz-les- Bains,  Ad.  Brong. 
1.  EchinosUchys  oblongs,  Ad.  Brong.     Sulz-lcs-Bains,  Ad.  Brong. 
].  jEthopbyllum  stipulare,  Ad.  Brong.     Sulz-les- Bains,  Ad.  Brong. 

CONCHIPCRA. 

1 .  Plagiostoma  linGanim,  Schlot.     Sulz-les-Bains. 

2.  striatum,  Schtot.     Sulz-les-Baini. 

1.  Avicula  Bucialis,  Duh.     Sulz-le»-Baina ;  DomptaO,  FoUx, 

2.  coetata,  Bronn.     Sulz-les- Bains,  G.  T. 

1.  Mytilua  vetustus,  (iotdf.     Domptail;  Sulz-les-Batn*. 
1.  Trigonia  rulgaris,  Schlot.     Domptail. 

1.  Mya  mtisculoidea,  Sehtot.     Sulx-les-Bains. 

2.  elongata,  Schlot.     Sulz-lea-Baius. 

MoLLUSCA. 

1,  Nadca  Gailliardoti,  Ltfrotf.     Domptail. 

1.  Turritella  scalata,  Domptail ;  Sulz-Ies-Bains. 

2.  -^ Schotcri,         .     Sulz-Ies-Bains. 

1.  BuGcinum  antiquum,  Gold/.     Sulz-left-Bains,  G.  T. 

Zechstein. 

Plant*. 

1.  Fucoidet  Brardii*,  Ad.  Brong.     Cop.  Slate,  Frankenb^rg,  Ad.  Brong. 

2.  Belagiiioides,  Ad.  Brong.     Cop.  Slate,  Mansfeld,  Ad.  Brong. 

3.  -^  lycopodioides,  Ad.  Brong.     Cop.  Slate,  Mansfeld,  Ad.  Brong. 

4.  — -  frumentarius.  Ad.  Brong.     Cop.  Slate,  Mansfeld,  Ad.  Brong. 

5.  pectinatus,  Ad.  Brong,     Cop.  Slate,  Mansfeld,  Ad.  Brong. 

6.  digittttus,  Ad.  Brong.     Cop.  Slate,  Slansfeid,  .id.  Brong. 

J.  Pecopteris  arborescens.  Ad.  Brong.     Mont  Muse,  Autun,  G.  T. 

2.  abbrev  iala,  Ad.  Brong.     Mont  Muse,  .Vutun,  G.  T. 

1.  Lycopodites  H<rninglinusii,  .id.  Brong.     Eialeben,  G.  T. 
I.  Asterophyllitea.'  bulboae,  .     Tliuringia,  G.  T. 

ZOOPHTTA. 

1.  Gorgonia  anceps,  Goldf.     Glticksbrunn,  Tliimngerwald,  G.  T. 

2.  antiqua.  Gold/.     Gliiksbrunn,  G.  T. 

3.  iufundiljuliformis.  Gold/.     Gliicksbninn,  G.  T. 

I.  Calamopora  sjiongites,  (var.)  Gold/.     Gliicksbrunn,  G.  7*. 

1.  Itctepora  fluslrncea,  Phil.     .Sliplly  Mag.  Limcst.,  Durham,  Sedg. 

2.  virgulacea,  Phil.     Shetly  Mag.  Limest.,  Durham,  Sedg. 

Polj'pifeTa,  genera  not  determined.     Durham ;  Northumberland,  SeJg. 

KaOIARIA.  _|j 

1.  EncrinuB  nunosua,  .9cA/o/.     G\uks\ininn,  Al.  Brong.  t^M 

1.  Cyathocrinitc*  planus,  iH/W.     Mag.  Limest.,  Durham;  Northumberiaod,  ™ 
Sedg. 
Crinoidea,  genera  not  determined.     Durham ;  Northumberland,  Sedg. 

CoNtlllFEBA. 

1,  Spiriferf  trigonalis.  Sow.     Ropscn,  Gora,  /Ian. 

2.  undulatUB,  .Sow.'.     Midderidge;  Humblcton,  5i«i7, 


*  Cuprutm  Ulmanni,  fironn. 


t  Delthyrit. 
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3.  SpiriftT  muUijjlieatus,  Sow.     Hiimblcton,  Sedy. 
4, niinutus,  Sow.     Hunibleton,  Seilg. 

1.  Terefaratula  cristata,  t^c/iifu/.     Rofisen, //tew. 

2.  . — —  eloMguta,  Schlol.     Schnierbac}],  ^il.  Brong, 

3.  • compIarmCa,  Schlol.     Gera,  (i.  T. 

4.  intermedia,  Sc/ilof.     Riipsen,  //a?n. 

5.  inflata,  Sc/ilot.     Ropsen,  Jtcen. ;  iJchmerbach,  Al.  Brong. 

6.  lacunosa,  Schlat.    Cop.  State,  Schmerbach ;  Zechstein,  Kopsen, 

Ncen. 

7.  — ^ paradoxa,  Sc/tlot.     Sclimerbacli,  .41.  Brong. 

8.  p«largotiBta,  Schlof.     Schmtrbach,  AL  Brong. 

9.  — pygmffia,  Sciilol.     Leimstcin  near  Schmalkalden,  Al.  Brong. 

',  species  not  dt'tennined.     Durham,  Seilg. 

1.  Producta*  aculuata,  Ai.  Brong.     Bodingen,  Itaen. ;   Gera;  Tlialitter; 

Goddelslieini,  Logaii  on  the  Queiss,  G,  T. ;  Durham ;  Nor- 
tlmmbi'rland,  Se.tlg. 

2.  rugosa,  Schlol.     Rcipsen,  Gera,  Ham. 

3.  speliiiicaria,        .     Itiipseti,  ilven. ;  Gliickbrunn,  Al,  Brong. 

4.  —  antiqitata.  Sow.     Midderidge,  Sfidg. 

5.  calva,  Sow.     HumHcton  ;  Midderidgf,  &c.,  Sedg. 

6.  — spinosa,  Sow.     Ilumblctoti,  &c.,  Spdg. 

J  7. longispina,  Sotp.     Cop.  Slntc,  Schmerbach,  Ilcm, 

1.  Orbicula  speluncaria,  SckloL     Gliicksbrunn,  G.  T, 
1.  Axinua  obscurus,  Sow.     Durham,  Sedg. 

Oatrea,  sjiecies  not  dcteriiiincd.     Northiiniberland,  Sedg. 

Pecten,  gpecies  not  determined.     Himiblrton,  Sedg. 

PlagiostoiJia?  spt'tics  not  dctertniiicd.     Huitibl«tmi,  Sedg. 
1.  Avicula  gryphreoidcs,  Sow.     Humbleton  (abundant),  Sedg. 

1.  Mytilus  keratophagiis,  i'cA/cif.     Gliicksbrunn,  G.  T. 

2.  striatus,  Schlol.     Gliicksbrunn,  G.  T. 

3.  gquaniosus,  Sow.     Ferrybridge,  Sedg. ;   Hasel  n«ar  Goldberg, 

a.  7'. 
I.  Modiola  acuminata,  Soif.     Black  Rock»,  Durham,  Sedg. 
1.  .'Irca  tumida,  Soic.     Humbleton,  Durham,  Sedg. 
1.  Cuciillaea  sulcata,  Sow.     Humbieton,  Sedg. 

Astartc'  — — ,      .     Whitley,  Northumberland,  Sedg. 

Venus?  ,      .     Humbleton,  Sedg. 

MoLLlI.<iCA. 

Turbo?  ,      .     Mag.  Liniest.,  Marr;  Hickleton,  Sedg. 

Pleurotomaria  ?  — ,      .     Humbleton,  Sedg. 

Mehinia? ,      ,     Hawthorn  Hive,  Pftil. 

Ammonites,  species  not  deteniiined.     Humbleton,  Sedg. 

Pisces. 

1.  Palffiotlmssum  macroccphalum,  B/flJn.  Cop.  Slate,  Mansfeld,v^/.JBr<»iy.  ; 

Marl  Slate,  Middcridgc;   East  Thickley,  Sedg. 

2.  magnum,  Blai/i.     Mansfcld,  Al.  Brong. ;    Middertdge ;    £ait 

Thickley,  Sedg. 

3.  ineeuuilobum,  Btain.    Cop.  Slate,  Rothenburg,  G.  T.;  Bit.  Slate, 

Mont  MuHC,  .\utun,  AL  Brong. 

4.  macropterum.  Broun.     Burschweiler,  Thuringia,  I/aen. 

5.  parvum,  Blain.     Bit.  Slate,  Autun,  AL  Brong. 

6.  blenniojdes,  JIoU.     Mansfeld,  G.  T, 

7.  elegans,         .     Marl  Slate,  Midderidge  ;  East  Thickley,  Sedg. 

8.  Freieslebense,  Blain.     Mansfcldj  Hessia,  G.  T. 


*  Leptana. 
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Palaeothrissiun,  species  not  deteniiined.     Marl  Slate,  Eait 
'Sedg. :  Mag.  Lamest,  Pallion,  Which. 

1.  StromateUB  major,  lilain.     Cop.  Slate,  iiessia,  G.  T. 

2.  gibbosus,  Blain.     Cop  Slate,  North  Gfrmany,  G.  T. 

1.  Clupea  Lamcthcrii,  Bluin.     Cop.  Slate,  Eiiileben,  G.  T. 

Reptile. 

I.  Monitor  antiquas,   Cur.     Cop.  Slate,   ^fans^eld  ;   Rolhenbarg  on  the 
Saale  ;  Gliicksbrunn ;  Mcinmingen,  &c.  AL  Brong. 

Organic  Remains  of  the  Coal  Measures. 

PLANT.E. 

{^Tbe  following  list  of  Plamts,  discovered  fossil  in  the  coal  mft 
compiled  from  the  labours  of  Adulphe  Brongniart,  Sternberg,  Lindler, 
Ilutloi),  Schlotheim,  and  other  authorities.  To  have  abridged  it  would 
have  deprived  the  student  not  onlv  of  a  valuable  catalogue  of  localities,  but 
also  of  ail  idea  of  tlic  situations  wliere  plants  of  a  similar  general  character 
probably  existed.  The  names  of  the  plants,  when  not  otherwise  noticed,  ore 
those  assigned  to  them  by  M.  Adolphe  Brongniart.] 

Vasculares. 
Subclass  I. — Dicotyledons. 

Euphorbiace^e. 

Stiomakik  reticulata,  England;  S.  Weltheimiana,  MadgehxiTg ;  S. 
media,  St.  George»-Chatellaison ;  Montrelais;  Wilkesbarre  (N.  Aineric 
A'.Jicoidfi,  Bristol;  Dudley;  Leeds;  Newcastle;  St.  Georges^Chatclloisonr 
Montrelais;  St.  Etienne ;  Li*5ge;  Charleroi;  Valenciennes;  MuhUieini,  ueor 
Dusseldorf;  Bavaria;  Silesia;  S.  luberculosn,  Montrelais;  Wilke 
rigida,  Anzin,  neiu*  Valenciennes ;  <^.  minima,  Anglesea,  Charleroi 
Sana  (Sauv.),  Liittich  ;  S.  gigantea  (Suuv.),  Liittich. 

Coniferee. 

PiMTEs  Brandlingi  (L.&  H.),  Newcastle;  P.  Withami  (L.  &  H.),  Cralg- 
leilh,  Ediubm-gh  ;  P.  meduilarit  (L.  &  H.),  Craigleith,  Edinburgh. 
Pbucb  Wiihami  (L.  &  H.),  Durham. 

Doubtful  Coniferee. 

SrHENOPHTi.i;.UM  ScMolKeimii,  Waldenburg,  Silesia;  Somerset;  Sph.  emar- 
ginntum,  Env.  of  Bath ;  Wilkesbarre ;  Sph.  truncatitm,  Somerset ;  Sph.  ili    ~ 
latum,  Newcastle;  Anzin;  Geislautcm;  Sph.  quadrijidam,  Terrosson  ;  Sz 
distectitm,  Montrelais;  Sph.  ptmllum  (Saur.),  Liittich;  Sph.  guadriphi/lJi 
(Sauv.),  Liittich  ;  Sph.  mnltijidum  (Sauv.),  Liittich ;  Sph.  erotum  (L.  &  H«1 
Newcastle. 

Dicotyledonous  Plants  of  Doubtful  Affinity. 

Annvlaria  minuta,   Terrasson ;   A,  brevifolia,  Alois  ;    Geislautem ; 
fertilit,   Env.  of  Bath ;    St.  Etienne ;    WQkcsharre  ;   A.  Jloribiuuia, 
bnick  (Stemb.)  ;  y^. /oii^|/b/i»,  Env.  of  Bath;  Geisloutem;  Silesia;  Al 
Wilkesbarre;  ( /ar.)  Charleroi ;  Terrasson  ;  A.spinulota,  Sajcony  (Sterab.) 
A.  radiata,  Saarbruck. 

AsTERopHYLLiTEs  equlsetiformit,  Mannebach ;  Saxony;  Rhode  Island; 
At.  rigida,  Alais;  Valenciennes;  Charleroi;  Bohemia;  At.  hippttntidti, 
Alais  ;  As.  Itmgifolia,  Eschweiler  (Stenib.);  Newcastle;  At,  tfntdfa" 
Newcastle;    Silesia;    //j.  tfc/ica^u/a,  Charleroi;    .Anzin;    As.  Br ardii,  Tt 

ison  ;    As.  diffusa,  Radnitz ;    As,  elegant  (Sauv.),  Belgium ;    At.  <« 


etdata  (L.  &  H.).  Newcastle;  At,  grandU  (L.  &  H.)f  Newcastle;  A*.ga- 
Uoides  (L.  &  H.),  Newcastle. 

Becuera  ^antiu  (Sternb.),  Newcastle. 

SubclaU  2.  MoKOCOTtLEDONS. 

Pttima. 

FktABKLtARiA  ?  horou'tfol'm,  Swina. 

NaooBBATiiiA/o/io*a,  fioheinia;  N.fabellata  (L.  &  H.),  Newcastle. 

Cannrr. 
CANNoriiYLLiTEH  VirlttU,  St.  Georges-Clidtellaison. 

Monocotyledons  of  Doubtful  /Iffinity. 

Sternberoia  nnguloxa,  Yorkahire;  St.  appr&ximata,  Langeac;  St  Eti- 
enne;  St.  dUtans,  Edinburgh;  St.  f'otkmanni  (Sauv.),  LiUticli. 

PoActTEs  equalUy  Terrasson  ;  P.  striata,  Tprrasson. 

Cypcrites  hicaritiala  (L.  Sr  //■),  I<cebntwiM>d,  Shrewsburj-. 

Trigonocarpum  Parkmioni,  England  ami  Scotland ;  Tr.  Naeggerathiij 
Langeac  ;   Tr.  ova  turn,  Laugeac  ;   Tr.  cylindricum,  Langcac. 

MfiocAKPCM /wi>ma'iVu»),  Langcac;  M.  diffurnie,  Langeac;  M.  con- 
tractum,  Oldlium,  Lancaabire. 

Cellolares. 
Equuetaceee. 

Eof  tsETtrsi  infundibiiliforme  (Bronn.),  Saarbruck ;  E- 
dubium,  Wigan,  Lancasbiro. 

Calamites  Suckowiif  Ncwca-slle ;  Saarbruck  ;  Li{'ge ; 
Wilkesbarre,  Pennsylvania;  Ricbinond,  Virginia;  C 
decoratiu,  Yorkshire;  Saarbruck;  C.  imdiJatiu,  Y or\i- 
sliire;  Iladuitz;  Bohemia;  C.  ramosus  (Artia),  York- 
shire; Mannebach ;  Wettin,  Germany;  C.  crueiattu 
(Sttnib.),  Lilry;  Saarbruck;  C.  Cistii,  Montrelaia;  Sa- 
arbruck; Wilkesbarrf,  Pennsylvania ;  C  rf«6i'iM  (Artis), 
Yorkshire;  Zanesville,  Ohio;  C.  camueformi*  (b'ig.MH.), 
Langeac,  llaiite-Loirc  ;  Alois;  Yorkshire;  Mannebach; 
Wettin ;  Radnitz,  Cierinany  ;  C.  Pacliyderma,  St.  Eli- 
enne ;  Ireland;  C.  noiUmut  (Schlot.),  NewcaMtle;  Le 
Lardin,  Dordogne  ;  C.approximatut  (Sterab.),  AIwb; 
Li^ge ;  St.  Etienne ;  Kilkenny ;  C.  Stemhaueri,  York- 
•hire;  C.  MougeoH,  Edinburgh. 

Filice*. 
SptiENorTEKis/urrafa,  Newcastle ;  Charleroi ;  Silesia; 
Saarbruck;  Sp.  eUtfartt,  Watdenburg  iii  Silesia;  Sp. 
ttricta  (Sternb.),  Northumberland  ;  tJlasgow  ;  Sp.  artt- 
muifrfolia (Stornh.),  Newcastle;  Sp.  delicaiula (Sterab.), 
Saarbruck;  Radnitz ;  .S)?.  c/iMeeta,  Montrelais ;  St.  liip- 
poiyte,  Vosge* ;  Sp.  linearis  (Sternb.),  Swina,  Bohemia  ; 
£ngl. ;  Sp.  Brardu,  Le  Lardin ;  Sp.  trifolioiala,  Anzin 
near  VaJencicnncH ;  Mons ;  Silesia ;  Yorkshire ;  Sp. 
ScMolheimii  {i>teTnh.),  Doutweilcr  near  Saarbruck  ;  Wal- 
donburg  and  Breitenbacb,  Siletiia  ;  .'ip.fragilit,  Brciten- 
bach;  Sp.  Iltrninghausii,  Newcastle;  Werden;  Sp.  Du- 
bnixsotiis,  Moutrelais ;  Sp.  diHaim  (Sternb.),  Ilmenau, 
Silesia  ;  Sp.  gracili*,  Newcastle  ;  Sp.  latifolia,  Newcastle ;  Saarbruck ;  Sp. 
/'erJeti,  St.  Cicorges-Ch&tellaison ;    Sp.    Gravenhorttii,  Silesia,-  Anglescai 
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Sp,  Loshii,  Newcastle;  Sp.  tenuifolia,  St.  Georges-Chutellauon ;  Sp.i 
^irfo,  Waldenburg;  Sp,  acuta,  Werdeu;  Sp.  Irichomattoides,  \mm;  Sp.\ 
riella,  Yorkshire;  Sp,  alata,  Geislautem  ;  Sp.  conferia,  Waldenburg; 
multijida  (Sauv.),  Lutlich  ;  Sp.  crenala  (L.  &  H.),  Newcastle  ;  Sp.  affinu 
(L.  &  H.),  Newcastle;  Sp.  erithmifolia  (L.  &'  H.),  Newcastle ;  Sp.  dilatala 
(L.  &  H.),  Newcastle;  Sp.  caudaia  (L.  &  H.),  Newcastle. 

CvcLOPTEXis*  orbiculari*,  St.  Eticnne ;  Lidge;  C.  trichomanoidet, 
Etienne ;  C.  obliqua,  Yorkshire ;  C.  flabettata,  Berghaupten ;  C.  ffibh 
(Sauv.),  Liittich ;  C.  temicordata  (Sauv.),  Ltittich;  C.  cycloidea  (S 
Liittich  ;  C.  rentformU  (Sauv.),  Liittich;  C.  tendulata  (Sauv.),  Liittich. 
Neuropteris  ocMwino^a,  Klein-Schmalkalden ;  Newcastle;  N.  Ville 
Alaia,  Gard ;  N.  rolundi/olia,  Plessis,  Calvados  ;  Yorkshire ;  A^.  LothS, 
Gloucestershire  ;  Newcastle  ;  Aiizin  ;  Liege ;  Wilkesbane  ;  A^  tertM^okt 
(Sternb.),  Saarbruck  ;  Miereschau  ;  Buhemia;  Waldenburg,  Silesia 
trelais;  N.  keterophyUa,  Saarbruck;  Valenciennes;  Newcastle;  N.Jttt 
(Sterub.),  Env.  of  Bath;  Saarbruck;  N.  gigantea  (Stemb.),  Saarbr 
Schatzlar  ;  Wettiii ;  Newcastle ;  N.  oblongata,  Faultun,  Somerset ;  X. 
rfaio,  Leebotwood,  Slircwsbury ;  Alais  ;  St,  Etienne;  N.Scheuchzeri  {W 
man),  England;  Osnubruck  ;  WilLesbarre  ;  N.  anrfiutifolia,  Env.  of  Bath; 
Wilkesbarre  ;  N.  aculifoUa,  Env.  of  Bath  ;  Wilkesbarre ;  A',  crevulala,  Saar- 
bruck ;  A^.  macrophylla,  Dunkerton,  Somerset;  N.auriculaia,  St.  Etienne; 
A'.  Soretii,  Newcastle. 

Odontopteris  Brardii,  Lc  Lnrdin  and  Terrasson,  Dordogne ;  St  Eti- 
enne; O.  crenatula,  Terrasson;  O.  minor,  Le  Lardin;  St.  Etiennv ;  O.oh- 
tiua,  Terra-sson ;  Lcebotwood,  Shrewsbuiy  ;  0.  Schlotheimiij  Mannebacb  ; 
Wettin;   O.  appendieulata  (Sauv.),  Ltitdch. 

Pecopteuis  bleehfioides,  Werdcii  near  Dusseldorf;    St.   Priest,   LoL 
P.  CandoUiana,  Alais,  Gard ;  P.  cifat/iea,  St.  Etienne ;  P.  arboreicmi,  I 
Etienne;  Aubin,  AvcyroM;  Anzin;  Mannebach;  P.platyrachw,  St.  EtienO 
P.  poli/morpha,  St.  Etienne;   Alais;  Li  try;  Wilkesbarre;    P.  orroptr 
(Sternb.),  Le  Lardin ;  Nfntmebach ;  Wettin  ;  P.  Bucklandi,  Env.  of  Bali 
P.  aquilina  (Sternb.),  Mannebnch  and  Wettin  (Schlot.) ;    P.  Sclilothett 
Maiinebath  (Schlot.):  Geislautem;  /*.  p^^roit/w,  Mannebach;  Aubin; 
Davreuxii,  Liege;   Valenciennes;  P.  ManteUi,  Newcastle;  Li^ge;  P. 
chitica,  Newcastle;  Nanuir;  Saarbnick ;  Silesia;    P.  Serlii,  P'nv.  of  ~ 
St  Etienne;  Geislautorn ;  Wilkesbarre;  P.  Gran<//Hi,  Geislautem ;  P.ere- 
nulata,  Geislautem  ;    P.  marginata,  Alais ;    P.  gigantea,  Abascbi-rhtttt 
Treves;  Li(?ge;  Saarbruck;  Wilkesbarre;  P.  ncmona.  Whales;  Litge;  Rfl 
due ;  Waldenburg ;    P.  obliqua,  Valenciennes ;   P.  Brardii,  Le  Lardin  ; 
Defrancii,  Saaibnick ;    P.  ovata,  St.  Etienne;    P.  Plukmetii,  Alais; 
Etienne;   P.  arguta  (Stemb.),  St.  Etienne;  Saarbruck  (Schlot);  Rho 
Island,  United  States;  P.  crittata,  Saarbruck;  /*.  o»/>rr<7,  M  on  trelais; 
J?/i7/oni  (Artis),  Yorkshire;   Saarbruck;    P.  abbretriala,  Valenciennes; 
microphylla,  Saarbruck ;  P.  ceqtiali*,  Frcsnes  and  \'ieiLX-Cond£  near  Vale 
ciennes;  Silesia;  P.  ar«<fl,  Saarbruck  ;  Ronchamp,  Haute  Saone;  P. 
Geislautem;  St.  Etienne;  P.  d^bitis,  Ronchamj);  P.deniaia,  ValencienneiT 
Doutweiler;    P.  (ingtutixisima  (Stemb.),  Swina,  Bohemia;  Saarbruck;   P. 
gracilis,  fJeislautern ;   V^aleiiciennes;  P.  pintKeformix,  Fresnes  and  Vie 
Cond£  ;   Saarbruck  ;    P.  trinngularix,  Fresnes  and  Vieux-Conde ;    P.  pee 
fia/ff,  Geisloutern ;  P. pliimrua,  Yorkshire  {.\rX\9);  Saarbruck;  Valencieiuil 
P. pannonica  (Sauv.),  Liittich;  P.  heterup/it/fla  (Sauv.),  Liittich;  P.  amc 
(Sauv.),  Liittich;   P.  chnophoroides  (Sauv.),   Ltittich;   P.  ditlanit  (SauvJ 
Liittich;  P.  adiantoidea  (L.  &  H,),  Newcastle;  P.  heterop/tt/Ua  (L.  &  H^ 
Newcastle;  P.  rigida  (Sauv.),  Liittich f. 

•  OtopUrU,  SauTsur. 

t  Tfl  thli  list  should  he  added  the  other  species  cnumersted  by  Count  Sterntx 
which  however  may,  as  M.  Ad.  Bruiigniart  remarks,  be  the  same  with  sume  oftha 
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LoncHOFTERis  ToumaiUi,  Valenciennen. 

ScHizoPTERis  anomala,  Saarbruck. 

Caulopteris  primtPtia  (L.  6c  Hj,  iladstock,  Bath. 

Lycopodiace4e. 

Ltcopodites  piniformit,  Saxe-Gotha;  St  Etienne;  L.  Gravenhoratii, 
Silesia;  L. Hceninghausii,  Eisleben;  L.imbricattu,  St.  Georges-Chalelloison; 
L.  phlegmariaidet,  Newcruttk ;  Silesia;  L.  lennifoliut,  St.  Georges-Chatcl- 
laison  ;  L.ljlliciformis,  "Wcttin;  Z,.  ?  a/^ni*,  Wettin. 

Selaoinites  paUns,  Edinburgh ;  S.  erectus,  Mont  Jean  near  Angers. 

LEProoPENDRON  »eh(/iuo>deit^  liohemia;  Silesia;  Newcastle;  Lep.  elegant, 
Swina,  Bohemia ;  Lep.  Bucklavdi,  Culebrool^e  Dale  ;  Lep.  Op/iiurut,  New- 
castle; Chnrleroi;  Lep.  rugamim,  Charkroi;  VHleiicieiines;  Lep.  Under- 
tcoodii,  Anglcsea;  Lep.tax'ifolium,  Hmermu ;  Lep.  insigne,  St.  Ingbert,  Ba- 
varia; Lep.  Steruberyii,  Swiiiii.;  NewcasUe;  Lep.  loHijifoHum,  Swina;  t^ep. 
ornaihthnum*  (Stemb.),  Ediuburgh ;  Yorkshire;  Silesia;  Durham;  Lep. 
tetragonum  (Sternb.),  Newcastle;  Lep.  venotitm,  VVaJdeuburg;  Lep.  trans- 
verium,  (ilasgow ;  Lep.  f'otkmannianum  (Sterivb.),  Silesia ;  Lep.  lihodianuni 
(Slemb.),  Yorkshire;  Valenciennes;  Silesia;  Lep.  cordaiMw,  Durham ;  Lep. 
obovatitm  (Sternb.),  Newcastle;  Uadnttz,  Bohemia;  Silesia;  FresDcs  and 
Vieux-Condi? ;  Lep.  dubiitm,  Newcastle;  /.rp. /<pc«,  county  of  La  Marck ; 
Lep.  pulcheltnm,  Alaj* ;  Li^ge ;  Lep.  e.telatum,  Yorkshire ;  Lep.  variam, 
Saarbruck;  Wilkeabarte;  Z,?p.  corino/um,  Montrelais;  St.  Gcorgos-Chatel- 
laison;  Lep.  crettatum  (Sternb.),  Buhetnia;  Eachweiler;  Essen;  Zaneisville; 
Lep.  aculeatum  (Sternb.),  Esaen;  Bobemta;  Silesia;  Wilkeabarre;  Lep. 
dittan*,  St.  Etienne;  Lep.  larichinm  (Sternb.),  Bohemia;  Silesia;  Lep. 
rimotum  (Sternb.),  Bohemia;  Lep.  unditlatum  (Slemb.),  Bohemia;  Lep, 
conjlueni  (Sternb.),  Siiesia;  Eschweiler ;  Lep.  imbricatum  (St«rnb.),  Esoh- 
weiier,  Wettin  ;  Lep.  majus,  Geislautern ;  Lep.  lanceolatum,  MontreUis ; 
Lep.  Boblaiji,  Valeucieunes;  Lep.  tr'merce,  Moutreloia;  Lep.  lineare,  Alais; 
Lep.  ornalum,  Shropshire ;  Lep.  undulaium,  England ;  Lep.  einargiuatum, 
York-shire ;  Lep.  acermum  (L.  &  H.),  Newcastle ;  Lep.  dilatalum  (L.  Si  H.), 
Newcastle;  Lep.  gracile  (L.  &  H.),  Newcastle. 

Ulooe.vdron  umjui  (L,  &  H.),  Newcastle. 

LEPiDoPHrLLL-M  lanceolatum  (L.  &  II.),  Newcastle;  L,  inlermedtHm 
(L.  &  H.),  Leebotwood,  Shrewsbury. 

LcriDoaTHOBUs  tsariabiii*  (L.  &'  H.),  Newcastle;   /..  ornatiu,  Newcastle. 

Cakdiocarpon  majux,  St.  Etienne;  Langeac;  C.  Pomieri,  Langeac; 
Cf  eordiforme,  Langeac ;   C.  ovalum,  Langeac ;   C.  acuium,  Langeac. 

Plants  of  Uncertain  y^nity. 

Svni.\.K%\K  puneiala,  Bohemia;  S.  appendiculata,  Bohemia;  Yorkshire; 
S.peltigera,  Alnis;  S,  lavix,  h\iae;  S.  canalicidata,  Saarbruck;  S.  Cortei, 
Ewen ;  S.  elongala,  Charlcroi ;  Li^ge;  S.  reniformis,  Newcastle;  Mons ; 
Sasen  ;  S.  Hippocrep'u,  Mons  ;  S.  Davreuxii,  Li£>ge ;  .S.  Candoilii,  Alais ; 
S.  oculata,  Newcastle;  Bohemia;  S.  orbicularu,  St.  Ltienne;  Saarbruck; 
S.  tetsellata,  Env.  o{  Biiili;  Aluis;  Eschweiler;  Wilkesbarre;  S.  JJoblai/i, 
Anziii ;  S.  Knorrii,  Saarbruck ;  S.  elliplica,  St.  Etienne ;  A',  transvertaim, 
Escbweiler  near  Aix-la-Chapelle ;  S.  subrotunda,  Doutaweilor,  near  Saar- 

mbove  eaiuneroCed.  Pecopteru  orhieuUtIa,  Swina,  Bohemia;  P.  dhcretn,  Swina; 
P.  cor<^/a,  Swina ;  R  I'uWdHjr,  Swina  ;  P.  oiritsalo,  Riwlnit*,  Bohemia  ;  P.  unduUtUt, 
Radnttz  ;  P.repanda,  Radnitz;  P.anliqua,\\.aAni\z;  P.  crmafa,  Minitz,  Bohemia ; 
P.  elegant,  ScliaUlar,  Bohemia;  P.  ineua,  Waldeiiburg, Silesia;  Schaular;  P,  dubia, 
Bohemia. 

*   Vlodendron  minrnt,  L.  &  H. 
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tiruck ;  S.  eutpidata,  St  EtienDC ;  S.  notata,  Li^ge,  Saarbruck ;  SEeai* 
S.  Tourna'ilii,  Charleroi ;  Valenciennes  ;  .S'.  Irigonoy  Kaclnit2,  Bohemia 
S.  mnmmillarh,  Charleroi;  S.  a/t'^o/tirM, Saarbnick;  S.hexagona,  EKhweils 
Bochura  :  £.  eUgatm,  Bochum  ;  iS.  liraniii,  l'erra«8on  ;  S.  Ittrigata,  Mon- 
trelaia ;  S.  Serlii,  Paulton,  Somcriet ;  S.  pachydtrma,  Newcastle  ;  S.  alttr- 
nani  (L.  &  H.),  Northumberland;  E«chweiler;  S.  culenulata  (L.  &  H.), 
Newcastle;  S.  alternant,  (Sauv.),  Liittich;  5.  contigaa  (Sauv.),  Liitxicb; 
S.  antiqita  (Sauv.)i  Liittich;  S.  miniita  (Snuv.),  Liittich. 

VoLKMAKNiA  foltfitachya,  Waldenburg,  Silesia;  F.  d'utaehya,  Swina; 
V,  erota,  Terrasaon;    F.  grandi*  (Sauv.),  Belgium*. 

PoLYPORiTES  Bowmanni  (L.  &  H.),  Oenbighahire. 

CoNCHIFKRAf- 

1.  Pecten  papyraceui,  .Sott?.     Werden, //era. ;  BrndforA,  Haibtone. 

2.  ilisaimilia,  Flem.     Locality  not  stated. 

1.  Mytilua  crassua, /Yem.     Scotland, /Yem. ;  Werden  ? /fom. 

1.  Lutricola  truncate,  GoUif.     Niedtrstaufenbach,  Cusel;  Warden,  G,T. 

2.  — Blainvillii,  addf.     Werdeji,  G.  T. 

3. ^  acuta  J,  Ooldf.     Werden  j    Liittich;   Kammerberg,    IlmenBU; 

Bodium,  G.  T. 

1.  Unio  Urii,  Flem.     Rutherglen,  Scotl.,  Flcm. 

2.  uniformia,  Sow.     Wcttin ;   Loi-bejun,  G.  T. 

3.  suhconstrictus,  Sow.     Dcrbysliirf,  &'c.,  Smv. 

1.  Nucula  atteuunta, /"/fw.     Rnlherglen, /7<-r». 

2.  ^ljbu«a,  Flem.     Rutherglen,  Flem. 

1.  Mya?  tellinaria,  Liittich, //<?«. 

2. ?  ventricosa,         .     Liittich,  Htsn. 

3. ?  minuta,         .     Kammerberg  near  Ilmenaii,  Haen. 

MOLLUSCA. 

1.  TurritcUa  Urii,  Fltm.     Rutherglen,  Scotl.,  Flem. 
2. elongafa,  Flem.     Rutherglen,  Flem. 

1.  Bellerophuii  decussatu*,  Flem.     Linlithgowshire,  Flem. 

2.  striatus,  Flcm.     Linlithgowfihire,  Flem. 

1.  Orthoceratite.s  Steinhaueri,  Sotv.     Coal  Measure  Limestone,  Cboqnier 

near  Liittich,  Ilcen. ;  Yorkshire,  Sow. 

2.  cylindraceuj,  Flem.     Linlithgowshire,  Flem. 

3.  — — — -  attenuatus,  Flem.     Linlithgowshire,  Flem, 

4.  aulcatiis,  Flem.     Linlithgowshire,  Flcm. 

*  WTiether  nr  not  certain  of  the  coal  strata  of  N.  America  be  pred»e])r  identical 
with  those  of  Eiiropr,  or  may,  tike  some  in  Ireland  described  by  Mr.  Wearer,  be  of 
the  grauwackc  series,  it  nppcnrii  ihal  nmny  of  tlic  kanie  pLuntu  are  found,  uccord!h( 
to  the  farL-goin((  li.st,  in  both  EuTupc  and  .America.  Tlie&c  nre :  rulamitc*  3  fpeciBi, 
Neiiropteris  3,  Pecoptrris  4,  .Sigillaria  I,  .Sphciiophyltum  1,  Lcpidodcitdron  3,  Stij- 
mariu  1,  Annul.iriu  1,  Atilerophyllite«  1. 

Vegetables  discovered  as  yet  only  in  Amcricii. — Neuropleru  Cittii,  Wilketbam; 
N.  Granj(eri,  ZaneiiviJle ;  N.  macrnphytta,  Wilkesbnrre ;  Sigillaria  Cittii,  Wijkes- 
barre  ;  S.  rugosa,  Wilkesbarre  ;  iS.  Sillinuinni,  Wilkcibarre  ;  S.obliifua,  Wilkesbarrv; 
S.dubitt,  Wilkesbarre;  Lyeopoditet  SilUmanni,  Hadley,  Coiuiecdcut ;  Lepidtdevdrat 
mammiUare,  Wilkesbarre;  Lep.  Cittii,  Wilkcsbarre;  Poacitet  UutevoUtta,  Zanesville. 
Pecopteris  punctutata,  discovered  at  Wilkesbarre,  is,  according  to  M.  Ari.  BrongniatC, 
found  at  the  Monta^ne  des  Routses,  in  Oitiotis. 

f  How  far  all  tbe  marine  renmiiis  policed  in  (his  liKt  may  be  really  ditcovered  in 
the  body  of  tbe  coot  ineosurei,  and  not  la  tbe  alternations  with  the  inferior  rockj^ 
may  perhaps  be  questiooabte ;  some  of  them  seem  certainly  to  occur  in  tbe  body  of 
the  cokI  meaKures- 

J    Vnio  aCHtVt,  Sow. 
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Ortlioceratites  undatua,  Flem.     Linlithgowshire,  Flem. 
Ammonites   Litteri,  Sow.      Bit.  iiliale,    Werden,   Hem.;   Yorkshire, 
Steinhauer ;  Lii'ge  ;  Meliii,  Munst. 

subcreaatus,  Schlol.     Werden,  Munst. 

Dittdema,  Ilaan.     Choquier,  Munst. 

I  gphBericus,  GolJf.     Choquier,  Muntt. 
carbonariua,  Guidf.     Liitticli ;  Werden ;  Wetter,  G.  T. 

Pisces. 

Palsothrisstitn  macroptenun,  Bronn.  Lcbach,  Borschweiler,  Saarbmck, 

G.  T. 

■  FreiesbeberiM,  Blaiti.     Miiosterappel,  Saarbmck,  G,  T. 

Acantlnussus  Bronnii,  J^.     Lebach ;  Burachweiler;  Liittich,  G.  T. 
Ichthyodomlites,  Buckl.  Sf  De  la  B.     Shale,  Felling  Colliery,  Durham, 

Taiflar;  Rulhergleti,  Vre;  Sunderland,  Soti). 
Fish  palates,  Coal.     Tong,  near  Leeds,  George  *. 
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1.  Gorgonia  ripisteria,  Goliif.    Toumay,  C,  T. 

2.  infundibulitormis,  GoUif.    Lindlar ;  Gimbom ;  Arnaberg,  G.  T. 

3.  ' —  antiqua.  Gold/.     Amsherg,  G.  T. 

4.  auceps,  Goldf,     Amsberg,  G.  T. 

1.  Cellepora  Urii,  Flem.     Rutherglen,  Fl^rm, 

1.  Rctepora  elongato,  Flfm.     Rutherglen,  FUm. 

1.  Caryophyllia  duplicnta,  Mart.     Derbyshire,  Mart. 

2.  aflfinis,  Afart.     Derbyshire,  Mart. 

3.  juncea,  Flem.     Rutherglen,  Flem. 

1.  Cyalhoptiyllum  excentricum,  Gold/.    Ratingen  near  Dusseldorf,  Gokff. 

2.  flexuofium  f,  Gold/.     King's  County ;  Limerick,  fFeap. 

3. '  pentagouum,  GolJf.     Nainur,  G.  T. 

4.  —  Ananas,  Gold/.     Namur,  G.  T. 

1.  Astrea  undnlata,         .     Bristol,  Park. 

1.  Tubipora  tubularia,  Lam.     Theux  near  Li^ge,  Al.  Brong. 

\.  Syringopora  raniulosa.  Gold/.     Olne,  Liniburg,  Belgium,  G.  T. 

2.  reticulata,  OoM/.     Olne,  G.  T. 

3.  fillformia,  Gold/.     Arnsberg,  C.  T. 

1.  Calamopora  polymorpha,  Ooldf.     Namur,  Gold/. 

2.  spongites,  Gold/.    Seliwelm;  Sundwig,  G.  T. 

1.  Aulopora  compressa.  Gold/.     Ratingen,  G.  T. 

L  Favoiites  Gothlandica,  Lam.     Dublia,  AL  Brong. 

2.  Beptosus,  Flem.     Scotland,  Flem. 

3.  depresBus,  Flem.     Scotland,  Flem. 

1.  Lithostrotion  striatum.  Park.     Wales,  Park. 

2.  •  florifonne.  Mart.     Bristol,  Woodward. 

3.  inarginatiun,  Flem.    Scotland,  FUm. 

Polypifers,  genera  undetermined.     Very  numerous  in  the  British  Islea. 

RAnrAitiA. 

1.  Pentremites  Derbiensis,  Sow.     Derbyshire,  Walton. 

*  Zoological  Journal,  vol.  \\.  pL  2.  fig.  2.  f  Aw»pUxua  coraUoidet,  Mill. 
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2.  Pentremites  ellipUcus,  Sow,     Preston,  LADcashirc,  Kettyon. 

Z.  ovalis,  Gold/.     Ratingcti,  Dusscldorf,  OMf. 

\,  Poteriocrinites  crassus,  A^ittw.     Somerset;  Yorkulure,  A/iiBrr. 
2.  -^-^  tenuis,  Miller.     Mendip  llilb;  Bristol,  MUUr. 

1.  Flatyerinilcs  lipvis,  Miller.     Dublin;  Bristol,  il/iV/cr;   Rfttingeo;  N»- 

mur,  Goldf. 

2.  — rugosun.  Miller     Mendip  Hills;  Caldy  Island,  MUUr. 

3.  • tubercultttu*,  MUUr.     Mendip  II ills,  MilUr. 

4.  granulalus,  Miller.     Mendip  IlilLs,  MilUr. 

$,  gtriatus,  Miller.     Bristol,  MUUr, 

0.  pentangularis,  MilUr.     Mt-ndip  Hills;  Bristol,  MilUr, 

7.  = —  aeprcBSHs,  Goldf.     Ratingeii,  Goldf.  

1.  ActJnocriniteB  triacontadactylus,  jViY/er.     Yorkshire;  Btiatol;  Mendip 

Hills,  MilUr. 

2.  polydactylus,  Mendip  Hills ;  Caldy  Island,  Miliar. 

3.  Iffivis,  MilUr.     Hatingcn,  Goldf. 

4.  graniJatus,  Goldf.     Ratingcn,  Goldf. 

5.  — tesseratus,  Goldf.     Schwehj,  Goldf. 

1.  Melocrinites  hieroglyphicus,  GuUf,     Stellberg,  Aix-la-Chapclle,  Ga 
1.  Rhodocrinitcs  vcrus,  MilUr.     Bristol;   Mpndiji  Hills,  MilUr. 

1.  Cyatliocrinites  ])]!tnii«,  Miller.     Clevedun,  Bristol,  MilUr. 

2.  quinquangularis,  MilUr.     Bristol,  MilUr. 

Amnulata. 
1.  Scrpula  compressa,  Sow.     Lothian. 

C0NCUIFE.11A. 

1.  Spirifer*  ambiguus,  Sow,     Ratingc-n,  i/trft. ,- Derbyshire,  WaU*m, 

2.  bisiilcatws.  Sow,     Vis^,  ifipn. ;  Dublin,  Sow. ;  Li^ge,  Dvm. 

3.  glaber,  Soto.     Radngen,  Ilceu. ;  Derbj  shire,  Morlin ;  Irels 

Smi'.;  Li^ge,  Dam. 

4. oblatuR,  Sow.     Vis^,   Hem.;  Derbyshire;   Flintshire,  t'<tftJti 

Luttich,  G.  T. 

5    obtusus,  Soto.     Ratingen,  Horn. ;  Yorkshire,  Ducket. 

pingiiis,  5ftMJ.     Dublin,  .yoiP.;   Li^ge,  Duw. 


^  plicatus,  ll(pn.     Ratingen,  Item. 

—  rotundatUB,  Sow.     Limerick,  Wright ;  Vis6,  H<pn. 
-—  trigonalisfi  Sow.  Ratingen;  Vis^,  Ilcen. :  Derbyshire, 3/ar<l 

Rutlierglun,  FUm, 

—  triangularis  J,  Sow.     Derbyshire,  Marlitt. 

—  Btriatiis,  Sow.  Derbyshire,  Martin  ;  Nanmr, .-//.  Brong.;  Licl 

Dum.;  Ratingen,  G.  T. 

—  attenuatus,  Sow.     Dublin,  Sow.;  Li£ge,  Dmn. 

—  difltani,  Sow.     Dublin,  Sow. 

—  resupinatus,  Sow.     Derbyshire,  Martin  ;  Rutherglen,  FUm, 

—  Martini,  Sow.     Derbyshire,  Sow. 

—  Urii,  FUm.     Rutherglen,  Ure. 

—  exaratuB,  Flem.     West  Lothian,  FUm. 

—  cUBpidatus§,  Sow.     Bristol,  Beeke ;  Derbyshire,  Martin. 

tingen,  G.  T. 


•  Dtllhyru,  Daliii. 

•f  Producta  irigunuli*,  Drslinyes.     Acciirdin/t  to  (he  same  author  the  p-nus 
r^er  »hould  be  suppresied,  the  speries  composing  it  l>eing  referrible  either  to  Tn 
brafula  or  Producta. 

I  Dtllhyrii  eompretta,  Goldf.  {  Delthj/rii  eieputa,  Dalm. 


19; 
20. 

1. 

2. 

3. 


Spirifcr  minimus,  ^ow.     Drrbyahire,  WaUon. 

octoplioatus  •,  Son:      Dfrhysliire,  Martin. 
DeUhyris  ctorwita,  (ioldf.     Aiiisberg,  G.  T. 

^bisiilcau,  Guldf.     Liittich;   Dublin,  G.  T. 

nolymorpha,  Gohif,     llatiiigw),  G.  T. 

incisa,  Golilf.     llatingcii.  G.  T. 

biplicatu,  Gold/.     Rat'mgen,  G.  T. 

— railiata,  Gnldf.     Ratingeii,  G.  T. 

thecaria,  Galdf.     Ratitjgen,  0.  T. 

striatula,  Gold/.     Ratiiigen,  O.  T. 

concentrica,  Galdf.     Ratingen,  G.  T. 

Terebrntula  acuminata,  5'ow.    Ratingen,  //««.;  Yorkshire;  Derbyshire, 

Sate. ;  Riithergl i»ii ,  Fhm. ;  ( var.)  Clitlieroe,  Lancashire,  Sto/cet  ; 

(var.)  Ireland,  Sow. 

• cniinena.  Sow.     Derbyshire,  Alartin. 

hastata,  Sow.     Dublin  ;  Limerick,  Wright ;  Bristol,  Sow. 

rcsiipinata f ,  Soto.     Ilutingcii,  liven.;  Derbyshire,  Martin. 

— ^  aftioig,  Sote.  t     Derbyshire,  Martin ;  Lifge,  Dum. 

?  lineHts*,  Sou:     Derbyshire,  Martin  ;  Li%e,  Dum. 

—  ?  imbricataj  Sow.     Uerbyshire;  Yorkshire,  Sow. ;  Liege,  Dum. 

Sacculus,  .^ow.     Derbyshire,  Martin ;  Rutherglen,  Firm. 
Dublin,  Moore. 
Mordcford,  E.  S.  E,  of  Ifercford,  Sow.;  Liigo, 


lateralis.  Sow. 
Wilson  i;|,  Sow, 

Dum. 
Maodif ,  Sow. 


3. 


IreltiTHi,  Sow. 
cordiformis,  Sow.     Ireland,  Sow. 

platyloba,  Sotv.    Clitheroe,  Siokej. 

riignus,  Sow.     Derbyshire,  Martin;  frelaad,  Sow. 

Fimbria,  Sow.     Gloucestershire,  Taylor, 

reniformis.  Sow.     Dublin,  Sow. 

lateralis,  Sow.     Dublin,  Wtav. 

—  diodonta,  Dalm.     Ratingen,  G,  T. 

plicatoUa,  Uo/m.     Ratingen,  G.  T. 

Amygdala,  GaldJ.     Vist-,  Q.  T. 

— —  comwlicata.  Gold/.     I'sf^rtohn,  G.  T. 

Atripa  eassidea,  Dalm.     Ratingen,  G.  T. 

Producla  If  antiqTiataj  Sow.  VhO;  Ratingen,  Hoen.  ;  Derbyshire,  Sow,  ; 

Cloghran,  Dublin,  Humphreys. 
— • comoides,  Sow.  Vis^ ;  Ratingen,  Ham. ;  Llarigeveni,  Anglea«a, 

Fare  I/. 
— ^^  concinna,  Sotv.  V'ui: ;  Ratingen,  Htsn.  ;  Derbyshire ;  Yorkahire, 

Sow. 

fiinbriata.  Sow.     Vis^  ;  R^itingen,  Hon.;  Derbythirc,  Stoker. 

fornicata.     Ratingen,  //ojn. 

heraispliajrica.  Sow.    Ratingen,  Han.;  Caermarthenshtrc,  Taif- 

lor  ;   Li6ge,  Dum. 

humerosa.  Sow.     Ratingen^  Ham. 

latidsima.  Sow.     Ratingen  ;  Vis6,  H<xn. ;  Tydinawr,   Angletca, 

Fareij  ;   Liege,  Dum. 
— ^—  lobata.  Sow.  Ratingen  ;  Vis6,  Hoen. ;  Northunibcrlnnd ;  Derby- 
shire, ^yow. ;  \nan.  Leach  ;  L'legc,  Dtim. 
Martini,  Sow.     Ratingen  ;  Vise,  Hceit. :  Derbyshire,  Marliu  ; 

Yorkshire.  Danhi/ ;  Lif-ge.  Dum. 
pcrsonata,  Sow.     Ratingen,  Han. ;  Derbyshire,  Kendal,  Sow. 


*  Dtllkyrii  rrixpa,  Dahn. 
]   Alripa  rrlicularis,  Wahl. 
II   Tergbrntula  locunotfi,  Vi M. 


f  DtUhyris  rttlila,  Goldf> 
jf  Dellliyris  imhrieata,  Gotdf. 
^  Lfptteita,  Daltn. 
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12.  Prodiicta  plicatilis,  Soto.     Ratiiigen;  Vis^,  Horn.;  Derbyshire,  Stoka; 

Lic-gf,  Dum. 

13. punctata,  5'ou'.     Visf;  Ratingen,  //<Q?n. ;  Derbyshire,  .Vartw  ,- 

Rulhcrglen,  Flem. ;  Liege,  Jiiim. 
I'l.  —  spinulosaj^oto.  Ratingen  ;  Vise,  ^cen. ;  Linlitbgowshire, /'(m. 

15.  sulcata,  Soto.     Vis^,  /fcen, ;  Derbyshire,  Sail ;  Liege,  Dym. 

16.  — =— —  transversa,         .     Visf,  Hfm. 

17.  Flemingii,  5oM'.     Rutlicrglen,  Ure ;  Linlithgow, /Tnn. 

18.  ~ — longispina  *,  .S'o«'.     Linlithgow, /Y^w. 

19.  •  crasga,  Firm.     Derbyshire,  Martin. 

20.  aculeata,  Sow.     Derbyshire,  Martin. 

21.  Bcabricula,  Sow.  Derbyshire,  Martin;  Viif,  yti.  Bnmg. ;  1 

Dum. 

22.  spinosa,  Sow.     Scotland,  Fletn.;  Ratingen,  G.  Z. 

23.  Scotica,  Sow.     Seotkiid,  FUm. ;  Lif'ge,  Al.  Brong. 

24.  — — —  gigantea,  Sow.     Derbyshire,  Martin  ;  Yorks.,  Sow. 

25.  — coBtata,  Sow.     Glasgow,  Murch. ;  Vis^,  G.  T. 

2G.  • depres»a,         .     Li^ge,  Dum. 

1.  Leptiena  Ircvis,  Goldf.     Vise,  G.  T. 

2.  cornigala,  Goldf.     Ratingen  ;  Vi»6,  G.  T. 

3. conoidea,  Goldf.     Vig^,  G.  T. 

\.  Crania  pri^ica,  llcen.     Ratingen,  Hatn, 

\.  Inoceramns  veliistus,         >     Ratingen,  G.  T. 

1.  Pecten  granosus,  .Sow.     Queen's  County,  Ireland,  Sow. 

2,  ■ plicatus,  Sow,     Queen's  County,  Sow. 

1.  Megalodon  cucullatus,  Snti;     Lid'ge,  Dum. 
I.  Nucula  Falmip,  Sow.     Derbyshire,  Martin. 
1.  Area  cancellaUi,  ^yoH'.     Derbyshire,  iT/aran. 
1 .  Isocnrdia  lineatn,  Goldf.     \'h6,  G.  T, 

1.  Cardium  L'lonp;atum,  Soti'.     Ratingen,  Han.;  Derbyshire,  Martin. 

2.  hlbertiicuin,  Sotv.     Ratingen,   Hoen. ;  Queen's  County,  Svw.  j 

Limerick,  Weav. ;  Namiir,  Om.  d'Halluy. 

3.  ——^—  nlfrforme.  Son:    Queen's  County,  Sow. 

4.  —  cariiiatuin,  Goldf.     Ratingen,  G.  T, 

1.  Lucina  lineata,  Goldf.     Rattiigen,  G.  T. 

2.  cincta,  Goldf.     Ratingen,  G.  T. 

1.  Sanginnolaria  gibbosa,  Suw.     Queen's  County,  Sow. 

1.  Solen  pplngii'118,  Goldf.     Ratingen,  G.  T. 

2.  '-  vctUHtus,  Goldf.     Ratingen,  G.  T. 

Mollusc  A. 

I.  Plleopsia  velustu,  Sou:     Ratingen,  G.  T. 

1.  iNfelania  constricta.  Sow.     Derbyshire,  Martin. 

1.  Ampultaria  helicoidcs,  .^aw.     Queen's  County,  5oi». 

2,  nobiliR,  Soto.     Queen's  County,  Sow. 

1.  Nerita  striata  f,  Fltm.     Corrv,  Xnan,  Flem. 

2.  spirata,  Soto.    Bristof,  Beeke ;  Derbyshire,  Sow. ;  Li^ge,  Dum.; 

Ratingen  ;  Visf*,  G.  T. 

3.  lineata,  Goldf.     Ratingen,  G.  T. 

I.  Delphimila  tuberculata,  Flem.     West  Lothian,  Flem. 

1 .  Euomplialus  nodosus,  Sow.     Ratingen,  Ifceti. ;  Derbyshire,  Martin. 

2.  : —  aiigulosius.  Sow.     Benthnall  Edge,  Flem. 

3.  catillus,  iS^oi/'.  Ratingen. //o-n.;  Derbyshire,  A/or/»>,Li4ge,i>H«. 

4.  — — —  delpbinularis  J,  If  cm.     Ratingen,  //ccti. 


•  Cofuidrrcd  the  same  with  P.  Flemingii  by  Dr.  Fleming. 

t   According  to  Dr.  FlemiiiR  this  shell  closely  approaches  the  rccctif  HrrUapalita. 

\  Cirrus  tltlphimilnrit,  Goldl'iiss;  Hclirilcn  dflphinularit,ii(hloi\\e'km. 


I 


6. 

7. 

8. 

9. 
10. 
11. 
12. 


I 

I 


I 


I 
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Euomphalus  pentangulntus,  Sme.     R&tingcn,  Hatn.;  Dublin,   ffeav.f 

Namur,  yti.  Brotitf. ;  lAdge,  Dum. 

coronatii*.         .     \'ise ;  Ratingen,  Keen. 

• rotuudaUis,         .     Ratingen  ;  Vise,  Pfaffratli,  Jfcen. 

rugo»U!<,  Sow.     Colebnmkc  Dole,  'Sow. 

discus,  Sow.     Colebrooke  Dale,  Sow. ;  Ratingen,  O.  T. 

S'qualis*,         .     Kendal,  iWr. 

— l£CviB,  Goldf.     Ratingjen,  G.  T. 

Dionysii-t,  Goldf,     Ratingen;  Vise,  G.T.;  Yorkshire,  Sow.; 

Li^ge,  Dnm, 

,  species  not  detennined.    Argcntcau,  Belgium  ;  Vis6,  Al.  Brong, 

Trochus  catenulatus,  Goldf.     Ratingen,  G.  T. 

cinmilatus,  Goldf.    Ralingt-n,  G.  T. 

*^- scalaris,  Guldf.     Ratingen,  G.  T. 

•  carinatus,  Uoltlf.     Ratingen?  G.  T. 

acutusj,  GolJf.    Derbyahire,  Martin;  ViB^,  O,  T. 

■ — -  alutaceus,  Goldf.     Vi-i^,  G.  T. 

t»niatus,  Goldf.     Ratingen,  G.  T. 

Tiitbo  earinatusf,  //afn.     Vis^;    Ratingen,  Hoen. ;   Yorkshire,  Soto.; 

Liege,  Dum. 

Tiara,  Sour.     Preston,  Lancaaliire,  Gilbertton. 

Btriatiisll,  Goldf.     Vi.sd, //«■«. ;  Devby shire,  Martin. 

lineatus,  Goldf     Vise,  G,  T, 

— - —  canaliculatua,  Goldf.     Ratingen,  G.  T. 

cingiilatus,  Goldf.     Ratingen,  G.  T. 

RotcUft  helicinreformisH,  Gtddf.     Istrlohn,  G.  T, 

la-vigata,  Gnldf.     Ratingen,  G.  T. 

—  elliptica,  Goldf.     Ratingen,  G.  T. 

Helix?  cirtiformis,  Sotc.     Derbyshire,  Martin. 
Turtitella  constricta**,  Flem.     Derbyshire,  Martin. 

apinata,  Goldf.     Ratingen,  G.  T. 

— - —  angulata,  Sow.     Ratingen,  G.  T. 

costata,  Goidf'.     Ratingen,  G.  T. 

cancellata,  Goldf.     Iserlobn,  G.  T. 

— angustatUj  Goldf.     Ratingen,  G.  T.  * 

conoidea,  Goldf.     Ratingen,  G.  T. 

tenuis,  Goldf.     Ratingen,  G.  T. 

acuminata,  Goldf.     Ratingen,  G.  T. 

—  pri*ca,  Goldf.     Ratingen,  G.  T, 

Buccinum  acntum.  Sow.     Queen's  Coiintj',  Ireland,  SotP. ;  Li£g«,  Dum, 
Fhaaianelln  auricularis,  Gohtf.     Ratingen,  G.  T. 

— ^ striata,  Goldf     Ratingen,  G.  T. 

neritoidea,  Goldf,     Ratingen,  G.  T. 

Bellergphon  hiutcus.  Sow.     Ratingen,  G.  T. ;  Derbyshire,  Martin. 

^  apertus,  *yo«".     Kendal;  Bristol;  Yurks., -Sow.;  Li£"ge,  Z)wm. 

tenuifascia, .S'ojr.    Vis^ ;  Rittingen,  Hcbn.;  Kendal;  Derbyshire, 

and  Yorkshire,  Soiv. ;  Liege,  Dum. 

— coslatus,  6'ow.     Vis6;  Ratingen,  G.T.;  Derbysliire, -Sow. 

depresiUB,  Montfort.     KatiuKen,  Jlten. 

Comu-Aiietis,  ^W'.     Kenda],  .yoK'. ;  Linlithgowshire, /7«n. 

Urii,  FUm.     Rntherglcn,  Vre. 

vasulites,  Montf.     Namur,  HoU. 

imbricatus,  Goldf.     Ratingen ;  Vi»^,  G.  T. 


•  Ptanorbis  trqualU,  Sow. 

j  tirriu  acutujf.  Sow. 

El   Prohahly  HflU  ilrialut  of  Sowerhy. 

••  Melaiua  constricta  of  Sowerby. 


f  CirrHS  roiundatm.  Sow. 
{  Helu  carinafut  of  Suwcrby. 
^  Htlicina,  Lain. 
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Bellerophon  sulcatus,  Goidf.     Ratjng«n,  G.  T. 

nndulatiip,  Ooldf.     Chimay ;  Schwelm,  O.  T. 

Hiipschii,  Defr.     Chimay,  G.  T. 

Conularia  qiiadrisuicato.  Miller.     Bristol,  MUIrr  ;  Rutherglcn. . 

teres.  Sow.     Scotland,  AW. 

Orthoceratites  undulatus,  Sow.     Scalebar,  Yorkshire,  Ducktl,  (SMot.); 
ViV',  near  Liege,  v//.  Brong. 
.       ■—  Breynii,  Sow.     Ashford,  Derbyshire,  Soib. 

.  . annulatus,  Sow.     Colcbrooke  Dale,  Shropshire,  S«w. ;  Ring'i 

County,  Weav. 

paradoxiciis,  Sow.     Ireland,  Ot/ilby. 

^ fusiformis,  Sow.    Queen's  County,  Ireland,  •Socc;  LancaaUn^ 

aUbcrUoH. 

— cinctiia,  Sou\     Preston,  Lancashire,  Moore, 

Gesneri,         .     Derbyshire,  Martin. 

Iffivis,  Flem.     Linlithpowshirc,  Flem. 

pyramidalis,  Flem.     Linlithgowshire,  Flem. 

convexus,  Flem.     Linlithgowsliire,  FUm, 

annularis,  Flem.     Linlithgowshire,  Flem. 

^  rugosus,  Flfm.     Linlithgowshire,  Flem. 

'  angidoris,  Flem.     Linlithgowshire,  Flem. 

Nautilus  globatTis,  Sow.     Ratingen,  G.  T. 

discus.  Sow.     Kendal,  Sow. 

ingens,         .     Derbyshire,  Martin. 

tnarginatus,  Flem.     Bathgate,  Scotland,  FUm. 

quadratus  Flem.     West  Lothian,  Flem. 

-—  biflngulatus,  Soto.     Bristol,  Beeke. 

— ^— —  sulcatus,  Sow,    J)erbyshire,  Sotv. 

Woodwardii,  Sow.     Derhyshire,  Martin, 

excAvatus,  FUm,     Limerick,  Wright, 

Ammonites  striatus,  Sow.     Derbyshire,  Sow.  ; 

• Liateri,  Sow.     Chockier,  G.  T. 

Crustacea. 

Asaplius  Dalmanni,  Goldf.     Ratingen,  G.  T.  ^^^ 

Trilobitcs,  genera  not  determined.     Bristol,  De  la  B. ;  LlangnSS^ 
Anglesea,  Farry ;  Liivlilligowshire,  Flem, ;  Li^ge,  Dum. 

Pisces. 

Ichthyodonditcs,  liiickl.  ^-  De  la  B.     Bristol,  De  la  B. 

Tritorea,  or  Fish  Palates.     Bristol,  De  la  B. ;  Northumberland,  PA 


Ratingen ;  Vis^,  C.  T. 
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Plant.c. 

Algee. 

Fucoittes  antiquus,  .Id.  Brong.     Christiania,  Sweden,  A3.  Brong? 

2. circinatus,  .id.  Brong.     Kinnekullc,  Sweden,  .id.  Brong. 

,  species  not  determined.    South  of  Ireland,  Weav.  ;  Rudelstadt, 

Silesia;  Scliweighof,  SwarzwaUl,  G.  T. 

Equisetacett. 

1.  Catamites  radialns,  .id.  Brong.     Bitschweiler.  Ilnnt  Ithin,  .Id.  Brong. 

2.  — — -^  Voltzii,  ,/t/,  Brong      Bitschweiler.  Hant  Itliin,  .fd.  Brong. 

, species  not  determined.    S.  of  Ireland,  Wear.;  Vol  St.  .Amurin, 

Ilnut  Rhin,  /ftrn. 
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Filices. 

1.  Sphenopteri«  dissGctn,  Ad.  Brong.     Berpliaujiten,  Baden,  Ad.  Brong. 
1.  Cyelopteris  flabellata,  Ad.  Brong.     Berghaiipten,  lladen.  Ad.  Brong. 
1.  Pecopteris  aspera,  Ad,  Brong.     Dcrghaupteii,  Ad.  Brong. 

Lycopodiacetr, 
Lepidodendron,  acveral  species  not  determined.     Berghauplcti  and  Bit- 
scliweilcr,  Ad.  Brong. 

Eupfiorbiacea. 
1.  Stigmaria  ficoides,  Ad.  Brong.     Bitacbwciler,  Ad.  Brong. 

Dicotglttdonous  plant  of  doul/t/ui  affinity. 
1 .  AsterophyllitcB  pygmtea,  Ad.  Brong.     Berghaupten,  Ad,  Brong. 

Plants  of  uncertain  a£itutg. 
1.  Sigilloria  tessellata,  Ad.  Brong.     Bergliauptcn,  Ad,  Brong. 
.2.  Voltzii,  Ad.  Brong.     Zundsweiler,  Ad.  Brong. 

ZuOPHVTA. 

1.  Manon  cribrosum,  Goldf.     Rebinghnusen,  Eifel,  Goldf. 

2.  —  ravoaiun,  Goldf.     Eifol.  Goldf. 

1.  Scyphia  conoidea,  Goldf.     Nieder-Eht>,  Eifel,  Goidf. 
2. coatata,  Goldf.     Eifel,  Goldf. 

3.  turbinafa,  Goldf.     Eifel,  Gddf. 

4.  clatlirata,  Goidf     Eift-F,  Goldf. 

5.  • empleura,  Muntf.     G«ttlttiid,  //»#. 

.1*  Tragos  acetabulum,  Goldf.     Keldenich,  Eifel,  Goldf. 

2,  — capitatum,  Gold/.     Bensberg,  Prussian  Prov.,  Gddf. 

L  Gorgonia  antiqua,  Goldf.     Eifel ;  Ural,  Goldf. 

2.  infundibuiifonnia,  Goldf.   Lindlar;  Giraborn;  Eifel;  Ural,  G.T. 

\.  Stromatopora  coticentrica,  Goldf.     Eifel,  Goldf. 

2.  polyniorpha*,  Goldf.     Eifel;  Bciisbeig,  Goldf, 

Madrepora,  upeciea  not  determined.     tJlouceKtenhire ;  HerefordBhire; 
S,  of  Ireland,  It'iar. 
1.  Millcpora^  repens,  ffaftl.     Gottlnnd,  IIi». 

1.  Cellepora  antiqua,  Goldf.     Heistoratcin,  Eifel,  Goldf. 

2.  favosa,  Goldf.     Eifel ;  Dudley,  Goidf. 

,  apcciea  not  determined.    Ciloucestershire;  Herefordshire,  tVeav. 

1.  Retepora  antiqua,  Goldf.     Heisterstein,  Eifel,  Goldf. 

2.  prisca,  Goldf.     Eifel,  Goldf. 

3.  clathrata,  Goldf.     Gottlaud,  /fit. 

— — — ,  species  not  determined.     (Tlouc^tershire  ;  HerefordBhire;  S.  of 

Ireland,  Weav. 
I.  Flustra  Isnccolata,  6W<://     Gottland, /fir. 

,  Bpecte*  not  detennincd.    Glouccstersbire  ;  Herefordshire ;  S.  of 

Ireland,  H'gav. 

1,  Ceriopora  verrucosa,  Goldf.     Bensberg,  Pmss.  Prov..  Goldf'. 

2.  affinis,  Goldf.     Eifel ;   Dudley,  Goldf 

3. punctata,  Goidf.     Eifol ;  Dudley,  Gol^. 

4.  granulosa,  Goldf.     Eifel ;  Dudley,  Goldf. 

5.  ~—  oculata,  Goldf.     Eifel ;  Dudley,  Goldf. 

6.  -.■   -■    prisca,  Muntl.     Regnitdosaii,  G.  T. 
.1.  GlaucoDome  disticlia,  Goldf.     Eifel;  Dudley,  G.T. 

I.  Agaracta  lobata,  Goldf.     Eifel,  Goldf 

*  Tragos  capitatum,  Goldf.;  »nd  Ceriopora  verrucosa,  Goldt,  according  to  G<r« 

ina.n  Transl.  of  Manual. 
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<M^.    Beoaberg.  GoUf. 
G9l4.    EtfeL  G.  T. 

dmticiilrtniB,  CHU^.    Niann,  G.  T. 

CayapfaylBk  f»|>h«>f,  Hu.    Gvcduad,  H'u. 

;  ipcdo  not  deterauDcd.    Glooreitenhire ;  H  erefordihiie,  Wtm^ 

Fvpfitcs  pateDam,  Lam.    Gotthiid,  HU. 

rhnoww,  Hit.    Guttbodi,  Hi*. 

AndiopfajniiBi  himuatiuu,  GoUf.     HeMterstein,  Eifel,  GoUtf. 
TortiiiMiha  tarfatBAU,  Lam.     Gooland,  Hu. 

mitrata,  GoUf.     Gottland ;  Ostrogodiia,  JJit. 

'^—^—  pjranudalo.  Hit.     GottUnd,  Hit.  

,  tftoft*  not  detornuDcd.     Gloucettenhire ;  Herefordahire;  S.  cf 

Iidaad,  Weav. 
CjnrtlMipbjIlam  DunUma,  Gol^.    Eifel,  GMlf.;  Gottland,  HU. 

ladicans,  Gi)Uf.     Eifd,  Goldf. 

— marginatum,  Goldf.     Bensberg,  Goldf. 

explanatum,  Goldf.     Betubetg,  Goldf. 

-  turbinatum,  Goldf.    ELifel,  Goldf.;  V'estrogothia;  Gottlaod, , 

hypocraterifonne,  G<Adf.     Eifel,  Goldf. 

Ceratites,  Goldf.     Kensberg:   Eifel,  Goldf.;  Gottland,  Hu. 

Bexaosam  •,  Goldf     Eifel,  Goldf.  ;  GoRland,  HU, 

Tenniculare,  Goldf.     Eifel.  Goldf.  ;  Gottlond,  Hu. 

•— Te«iculosmn,  Goldf.     Eifel,  Goldf. 

. secundiun,  GxAdf.     Eifel,  Goldf. 

— lamelloeum,  GoUf.     Eifel,  Goldf 

~~ placentiforme,  Goldf.     EifeL.  Goldf. 

qnadrigeminam  f ,  Goldf.    Eifel ;  Ben^berg,  Goldf. 

eaapitonun,  G«Uf.    Bensberg ;    Eifel,  Goldf. .  GotUand,  ^ii. 

hezagoDom,  Goldf.    Bensberg ;  Eifel,  Goldf, 

helianthoide*,  GMf.     Eifel;  Lake  Huron,  Goldf. 

plicatum,  Goldf.     Kentucky,  G.  T. 

ardculatum,  Wakl.     Gottland,  Hu. 

— '  Ananas,  Goldf.     Gottland,  HU. 


1.  Strombodes  pentagonas,  Gofi(^.  Drummond  Island,  Lake  Huron,  Go^. 

1.  Astrea  porosa.  Gold/.     Eifel;  Bensberg,  Goldf;  Gottland,  i/u. 

2.  favoaa,  Linn.     Gottland,  Hi*. 

,  species  not  determined.     Gloucestershire;  Herefordahire;  S. 

Ireland,  Wear. 
1.  Columiiaria  alveolata,  GMf.     Senekasee,  New  York,  Goldf. 

1 .  Sarcinula  organuin.  Goldf     Gottland,  Hi*. 

2.  — —  microphthalma,  Goldf.     Eifel.'  G.T. 

3. auloticon,  Goldf.     Linich,  G.  T. 

1.  Coacinopora  Placenta,  Goldf.     Eifel,  Goldf. 

1.  Catenipora  eacharoides.  Lam.    Eifel;  Norway;  Drummond  Jsl.,  Goii 

Katoska,  Gov.  of  Moscow,  Fitchtr ;  Gottland.  Hi*. 

2.  labyrinthica,  Goldf.     Groningen;  Drummond  Island,  Goldf.; 

Gottland,  HU 

3.  .^^ tubulosa,  Lam..     Christiania,  Al.  Bromj. 

— ,  species  not  determined.    Gloucestershire;  Herefordshire,  WtM. 

1.  Syringopora  verticillato,  Goldf.    Drummond  Isl.,  Gol^.;  Gottland,  HU. 

2.  . cfpspitosa,  Goldf.     Pfaflrath,  Goldf. 

3.  ?  rascicularis,  Wahl.     Gottland, //^m. 

4.  .'  Serpulo,  Wahl.     Gottland,  HU 

Tabipora,  species  notdetermined.  Gloucestershire;  Herefordahire,  Wet 

I .  Calamoporn  alveoloris,  Goldf.    Eifel,  Goldf, 

•   Anif-'fsut  toTrattmiii-M,  Mill.,  acroritinf;  to  G.  T. 

t  Mamm  farptum,  (•oldl'.,  and  CvhmHart  f«/cala,  Goldf.,  according  to  G.  T. 
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2.  Calamopora  favosa,  Goldf.     Drummond  Isl.,  Goldf, 

3.  ■ Gotlilandica,  Ooldf.     Eifel,  Goldf. ;  Gottland,  H'u. 

4.  " — basaltica,  Goldf.     Eifcl ;  Gi>tlilttnd;  Lake  Erie,  Goldf. 

5.  ' infitndibulifern,  Goldf.     Eifel ;   Ik'senberg,  Goldf. 

6.  polyniorpha,   Goldf.     Eife! ;   Benitberg,   Goldf.;   Urol;    Eina; 

Harz,  G.  T. ;  Gottland,  Hu. 

7.  ^  spoiigites,  Goldf.     Eifel;  Bensbcrg;  Sweden;  Dudley,  Goldf. f 

Urnl,  G.  T. ;  Gottlend.  His. 

8.  ' fibrosa,  Goldf.     Eifel ;  Bensberg,  Goldf, 

0.  * —  dubia,  Von  Meyer.     Kaub  on  tbe  Rhine,  G.  T. 

1.  Aulopora  fierpens,  Goldf.    Eifel,  Gotdf,;  Oxnsimnivt,  Al.  Bromg. ;  Gott- 

land,. H'u. 

2.  tuba-formis,  Goldf.     Eifel,  Goldf.;  Gottland,  i/it. 

3.  '  spicata,  Goldf.     Eife! ;  Bensberg,  Goldf. 

4.  conglomerata,  Goldf.     Bensberg,  Goldf. 

6.  — "  sarmentacea,  Goldf.     Eifel,  (j.  7". 

1.  Favosites  Gotlilandica,  Znrn.     Stoeben-Aker;  Cbristiaiiia ;  Eifel;  C«^ 

skill ;  Batavin,  New  York,  Al.  Brong. 

2.  Broinelli,  Menard  de  la  Groye.     Nehou,  At,  Brong. 

3.  truiicata,  fiafiiiesi/i/e.     Keiitiicky,  AL  Brong. 

4.  • — ■ Kentuckensiis,  ihtf.     Kentucky,  Al.  Brong. 

A.  Boletus,  Menard  de  la  Groge.     Cliristiania,  Al.  Brong. 

6. Akyonium,  Defr.     Gottland,  G.  T. 

1 .  Mastrema  pentagoiia,  Rttf.     Garrard,  Kentucky,  AL  Brong. 

I.  Amplexus  coralloides,  Miller.     South  of  Irelandj  Wettv. ;  Montccbaton, 

near  Coutancca ;  Calskill,  New  York,  Al.  Brong. 

,  species  not  determined.     Plymouth,  Hennak. 

1,  Pleurodyctium  uroblcrnaticum,  Goldf.     Abentlieur,  Hundsriiok;  Euaj 

Braubach,  G.  T, 
I.  Cyclolites  nunimisiTialisj  Lam.     Gottland,  Hit. 

Radiakia. 

1.  Apiocrinites?  acriptua, //«.     Gottland,  ^u. 

2.  .'  punctatiis,  Hi*.     Gottland,  His. 

I.  Pentremites  ovalis,  Goldf.     (Grauwackc)  Ratingen,  O.  T. 
1.  Peiitacrinitos  prisciis,  Goldf,     Eifel,  Goldf. 

1.  Actinocrinites  moniliformis,  3/i/-/fr.     S,  of  Ireland,  Weav. 

2.  -^ — ^  tTiacontKdactylus,A/'j//<T.    South  of  Ireland,  Weav.;  ^h\,  Goldf. 

3*  • cingulatus,  Goldf.     Eifel,  Goldf. 

4.  muricatus,  Goldf.     Eifel,  Goldf. 

6,  nodulosua,  Goldf.     Eifcl,  Goldf. 

6.  moiiiliferus,  Goldf.     Eifel,  Goldf. 

7.  granulatus,  Goldf.     Regnitzlosau,  G,  T. 

,  gpeciea  not  determined.  Gloucestershire;  Herefordshire,  Weav. 

1.  Cyathocrinites  tiiberculatus,  A/r7/fr.     South  of  Ireland,  H'eav. ;  Dudley, 

Miller;  Rhenish  Pro  v.,  Goldf. 

2.  rugoaus,  Mdier.     Shropshire ;    Herefordshire ;   Isl.  of  Oeland ; 

Dalecarlia,  Milhr  ;  EilVl,  Goldf. 

3.  geonietricu*,  Goldf.     Eifel,  Goldf. 

4.  pinnatus*,  Goidf.     Eifel,  Goldf;  Lindlar ;  Ems;  Martenberg, 

Waldeck;  Obenvcilcr,  Schwarzwald,  G.  T. 
— ,  specie*  not  determined.   Gloucestershire  j  Herefordshire,  Weav, 

1.  Platycrinites  lacvis,  Miller.     Cork,  Weav. 

2.  pentangiilaria,  Miller.     Dudley ;  Dinevar  Park,  Wales,  MilUr, 

3.  — — "  nigcwus.  Miller.     Ilegnitzlosau,  Baireuth,  Goldf. 

4.  — •  ventricosus,  Goldf.     Eifel,  Goldf. 

*  Act,  moMlifwTKU,  MilLi  according  to  G.  T. 
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1. 
1. 

2. 
1. 
2. 
3. 
1. 
2. 

3. 
4. 
5. 
6. 
7. 

8. 
9. 

10. 

11. 
12. 
13. 
14. 
15. 
16. 


Rhodocrinitei  renis.  Miller.     Dudley,  Miller ;  £iM,  GoU/. 

gyratus,  Cioldf.     Eifel.  Goldf. 

quinmieparlitus,  Goldf.     Eifel,  Gold/. 

canaliccutituB,  Goldf,     Eifel,  Golc^'. 

' — — —  creuatus,  Goldf     Eifel,  Goldf 

MelocTinites  Iwvis,  Goldf     Rcgiiitzlosau,  Baircuth,  Goldf 

• gibbcMUB,  Gold/.     Eifel,  Goldf. 

Cupressocrinitefi  crasaus,  Goldf.     Eifel,  Goldf. 

gracili«,  Goldf     Eifpl,  Goldf. 

tesseratu.s  •,  GoUf.     Eifel,  G.  T. 

Eugcniacrinites  mespiliformiji,  Goldf.     Eifel,  Goldf. 

£ucal}'ptocrinitcs  rosacous,  Goldf.     Eifel,  Goldf. 

SphseroDitesf  Pomiim,  Wahl.     Isl.  of  Oelatid ;  Kinnckulle,  in  Vt 

gothiri;  Dolecarlia,  Hit.;  Tzarko-Ssclo,  ncarSL  Petersfa 

Al.  iirong. 

I  Aurajitium,  Wahl.     Mosseburg,  V'estrogothia.  Hit. 
^atiatuni,  IVahl,    Furudal,  Dalecarlia;  liucdahamn,  Isl.  ofO«- 

land,  Hi*. 
• Walitenbcrgii,  Eimark.     Gulf  of  Christionio,  .11.  Brong. 


Annulata. 

Benaberg,  Goldf. 
anmionia,  Goldf.     Eifel,  Goldf. 
omphnloden,  Goldf.     Bensbcrg;  Eifel,  Golitf. 
fiocialis,  Goldf.     Eifel,  Goldf. 
Litlmus,  Scfilot.     Gottlond,  Hit. 


Serpula  *>pithonia,  Goldf. 
'  iff. 


Eifd,  G.  T. 


CoN'CRIFERA. 

Tliecidea?  antiqua,  Htm.     Gerolstcin,  Hem. 
PentamcniK  Knightii,  iiote.     Shropshire,  Murch. 

lieris,  Sow.     Shropsliirc,  .iikin. 

GypidiaJ  gryphoides,  Goldf,     Pfaifrath,  G.  T. 

Isevis,  Goldf     Pfaffi-ath,  G.  T. 

^ — ■  ■  .■■  Concliidium,  Dalm.     Gottland,  Hit,  ;  Pokroi,  fon  Buck, 

Spirifer}  ipeciosus,  lironn.     Eifel,  Hull. 

cuspidahis.  Sow.     Eifel,  HolL;  South  of  Ireland,  ffeav.,  Ben*- 

berg  ;  Blankeubeim,  Ham. ;   Plymouth,  Hennah. 

glabcr,  .S'ofc.     Soulli  of  Ireland,  Weav. ;  Plymouth  ? //rnnaA. 

— obtuaua,  Sow.     South  of  Irelaiul,  Weao. 

striatus,  Soic.     South  of  Ireland,  ttVar. 

— — —  pinguia,  Sow,     South  of  Ireland,  IVeav. 

mtcmiediusll,  AVA/o/.     Gloucestershire;  Herefordshire,  irra«>; 

Eifel ;  Alleghany  Mountains,  Al.  Broni/. 

alalua.  Sow.     Env.  of  Coblentz,  Al.  Brong. 

Barciuiilatus^,  Schlol.    Coblentz;  Midind;  Mbssebeig,  SwedaBg 

Catskill,  New  York,  Al.  Brong. 
totundatus.   Sow.     Cork,    Wright;   Newton   Bushel?    Deroiv 

De  la  B. 

lincatu!),  .9w.     Dudley,  StoAfM. 

ambiguuR,  Sow.     Blankcnheim,  J/arn. 

attenuatus.  Sow.     Eifel ;  Coblcnz,  G.  T. 

minimus,  Sotv,     Blankenheini,  H<en. 

Sowcrbii,  Eifel,  Hoeti. 

— ^ — ■  decurrens,  Sow.     Newton  Bushel,  Devon,  De  la  B, 


•  Aciinocrinhes  teurrahts,  Go\dt 

t  Sphitroniltt,  llitiriger  ;  Eehinosphttriltt,  Wshlenberg. 

I  Penlameruif  Sow.  }  Df/Myrtf,  DlllB. 

II  TerthrattUa,  Schl«tliciin.  ^  Ibid, 
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SptTifer  distins,  Soto.     Plymoutli,  Jlennah, 

octoplicatus,  Sow,     Plymouth,  Ilcnnah. 

Deltiiyris  elevata*,  Dalm.     Cinttlnnd,  //».«. 

cyrttena,  Dalm.     Gottland,  Ifis. ;  EitVI ;  Bensberg,  O.  T. 

crispa  fj  Dalm.     Gottland,  His. ;  EU'tl,  G.  T. 

sulcata,  //£».     Gottland,  His. 

subnulcata,  Dalm.     Oeland,  Hit. 

ptycodca,  Dalm.     (inttland,  His. 

■ cardiosptrmifurniia,  His,     Gottland,  Hit.  ;  Dudiley,  O.  T. 

?  pusio, //m.     Gottland,  ^m. 

~ — •?  Paittacma,  fVahl.     Dalecarlia,  Hit. 

f  jugata,  Wafil.     Dalecarlin,  Hits. 

■ ■  cxporrcctaj,  fVahl.     Gottland, //m. 

trapczoidalia  5,  Hii.     Gottland,  His. 

1a>viiosta,  Gold/.     Bensberg ;   Eifpl ;  Coblenz,  G.  T. 

uiicroptcra  ||,  Goldf.    Stebeiigcbirge  ;  Lindlar,  Siegen,  G.  T. 

•  compressa^,  Gold/.     Bensberg,  G.  T. 

heteroclyta  ••,  Gold/.     Blankenheim,  G.  T. 

macroptera  ff ,  Goldf.  Eifel ;  Coblenz  ;  Ems ;  Lahnatein ;  Lin- 
dlar;  Kai«er8teimel ;  Catskill  Mountains,  G.T. 

ceptoptera,  Goldf.     Eifel ;   Lindlar,  G.  T. 

pacbvoptera,  Goldf.     Hudson,  New  York,  G.  T. 

caiialit'tra  JJ,  Goldf.    Itenabcrg,  G.  T. 

•  canalimlata,  Guldf.     Bensberg,  G.  T. 

curvatQ  5§,  Goldf.     Gerolstein,  Eifel,  G.  T. 

■ — ^  striotulallil,  Goldf.  Bensberg;  Christiamn;  Tron ton  Falls,  G.  T. 

Terebratuln  crumcna,  Soie.  S.  of  Ireland,  Weae. ;  Eifel;  Lindlar,  Lake 
Huron,  G.  T. 

cordiformis,  Smv.     S.  of  Ireland,  W>op. 

Pugnu»i;fl,  Sow.     S.  of  Ireland,  Weav. ;  PhTnouth,  Hennah  ; 

Ntwton  Bushel,  DelaB.;  Bensberg;  Gottland;  Ostrogotliia, 
His. 

aflinis,  Sow.     Dudley,  Ryan ;  Eifel,  Hvn. 

—  IfK^igata,  Sckiot.     S.  of  Ireland,  IVeav. 

elongata,  Schtat.     S.  of  Ireland,  ff'tav. 

—  acuminata,  Sow.    Cork,  Wrigltl. 

lateralis,  Sow.     Cork,  Wright. 

rcnifonnifs,  Soto.     Cork,  Sotc. 

imbricata,  Sow.     Plymoutli,  Hennah. 

Mantife,  Sow.     Ems,  G.  T. 

-'  porrecta.  Sow.     Newton  Bushel,  Devon,  De  la  B. 

platyloba  ( jun.).  Sow.     Plymouth,  HfUHiih. 

eoncentrica,  Bronn.     Eifel,  G.  T. 

•  heterotypa,  Bronn.     Eifel,  G.  T. 

triloba,  Goldf.     Eifel,  G.  T. 

canabculata,  Goldf.     Eifel,  G.  T. 

quinfiuelatem,  Goldf.     Eifel,  G.  T, 

dichotoma,  Goldf.     Eifel,  G.  T. 

lacunosa***,  Dalm.     Gottland,  His.;  Eifel,  G.  T. 

pentagona,  Goldf.     Eitel,  G.  T. 


♦  Spirifrr  etispidatut,  Sow.  (O.  T.)  f  Spirifrr  oetopticattu.  Sow.  (G.T.) 

J  Cyrtia  txporrecta,  Dalm.  (G.  T.)  {  Ct/rtia  trapezoidalU,  His.  (G.  T.) 

II   Terthrntida  inlemtediti,  SMoL  {G.T.)    ^   s'pirifcr  triaiifrularit,  Sow.  (Q.V.) 

••  Caleevla  hftfrorlyta.Xiftr.       +t    Tfrfbratulutjxeiosa,i!tTer.p(trttdota,^c\\\^\, 

XX  Terebratula  apcrturaln,  Schlol.,  &  Ttr.  canalifera,  Sow. 

I)  Terebrafuln  CHrvala.SMoL.         ||||   Trrebratula  ilriatuta,  8i  Ter.  exriia,  Sch\ol. 
ff  Ttr.  Uu-Hwua,  Schlot ;   Ter.  pKtoletla.  Dalm.       •••  Ttrthratvia  Wihoni,  Sow. 
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22.  Terebratula  Wahlenbergii,  Ooldf.    Eifel,  G.  T. 

23.  diodoiita,  Dalm.     Gottland,  H'u. ;  Eifel,  G.  T. 

24.  subglobosa,  Gold/.     Eifel,  G.  T. 

25.  —  bifida,  Goldf.     Eifel,  G.  T. 

26.  . clavata,  Gultff.     Eifc!,  G,  T. 

27.  — — — '  cuneata,  Dalm.     Gottland,  Hli. 

28.  bidentata,  Nis.     Gottland,  Hit. 

29.  tnargiiialis,  Dalm.     Gottland,  His. 

30.  didyma,  Dalm.     Gottland,  His. 

1.  Strygoccpbalus  Burtini  •,  Difr.     Bensberg,  Ilain. 

2.  ' cloiigatufl,  Gold/.     Benaberg,  Ilan. 

3.  striatua,  Goldf.     Eifel,  G.  T. 

1.  Atiypa  reticularis  f,   Wahl.     S.  of  Ireland,   Weav. ;  Bensberg.  ScMot. ; 

PljTDouth,  Hennah ;  V'estrogotbia ;    Gottland,  Uu. ;   EifeU 
Lindlnr ;  Dudley,  G.  T. 

2.  Bspem,  Hcftiot.     Gottland,  //«. ;  Eifel ;  Beniberg,  G.  T. 

3.  canaliculata,  Dalm.     Ostrogotbia,  Hi*.;  Pokroi,  Von  Buck. 

4.  dorsato,  //«*.     Oeland,  Hu. 

5.  galeata,  Dalm.     Gottland,  His. ;  Eifel,  G.  T. 

6.  Nucelltt,  Dalm,     Ostrogothia,  Hit. 

7.  ?  crassicostis,  Dalm.     Vestrogothin,  Hi», 

8.  nenticnlaris,  If'u/il.     Vestrogothia,  Hit. 

9.  Prunura,  Dalm.     Gottland,  His. 

10.  .  tumida,  Dalm.     Gottland,  //«. 

H.  ?  tuniidula.  Hi*.     Gottland,  His. 

12.  cassidea,  Dalm.     Ostrogothia,  His. 

13.  ^ — —  ?  micula,  Dalm.     Fogclsang,  Scania,  His. 
14. nitida,  Goldf.     Lake  Simkoe,  G,  T. 

t.  Calceola  sandalina,  Latn.  Eifd,  j^ronn.  /  Geroktein,  Blankenbeim, /fcni. 

1.  Producta I  Scotica,  Sotv.    S.  of  Ireland,   Wtav.;  Eifel,  Hem.;  ble  itf' 

Man,  Henslow. 

2.  Martini,  Sow.     S.  of  Ireland,  Weav. 

3.  conciiina,  Sow.     S.  of  Ireland,  Weav. 

4.  lobata,  Sow.     S.  of  Ireland,  IVeav. 

B.  longispina,  Sow.     Blankenhcitn,  Ham. 

G.  • punctata,  Sow.     Blackrock,  Cork,  Wright. 

7.  nmbriata,  Sow.     S.  of  Ireland,  Weav. 

8.  depressa,  Sow.    S.  of  Ireland,  Weav.;  Dudley,  Saw.;  Plymouti 

Hennah. ;  Gottland,  //m.  ;  Pokroi,  J'on  Buck  ;  Eiful,  G.  T. 

9.  hemiaph^ericB,  .Sow.     Eifel;  Catskill  Mountains;  Albany, 

ington,  Haen. 

10.  rostrata.  Sow.     Bensberg,  Hcen. 

n. sarcinulata,  Goldf.     Eifel,  Catskill  Mountaini,  Naeri. 

12.  sulcata,  Sou-.     Catskill  Mountains,  Hcen. 

13. =—  scabricula,  Sow.    Eifel,  G.  T. 

1.  Leptsena  nigosa,  Hit.      Gottland;    Ostrogothia;   Veatrogothia,  ^i*,^ 

Catskill  Mountains,  G.  T. 

2.  eugtypha,  Dahii.     Gottland,  His. ;  Eifel,  G.  T. 

3.  transversaliH,  Walil.     Gottland ;  Dalecarlio,  HtM. 

4.  convoluln,  Goldf.     Eifel,  G.  T. 

5.  furcRta,  Goldf.     Eifel,  G.  T. 

6. capillata,  Goldf     Eifel,  G.  T. 

7.  Jtriata,  Goldf.     Coblenx,  G.  T. 

8.  pecttnata,  Goldf.    Eifel;  CoblcuB;  Kaiiersteimel,  G.  T. 


*   Terebratula  rostrata,  Schlot. 

\   Terebratula  pritca,  &  Ter.  eiplanala,  Schlot. ;  Ter.  affinit,  Sow. 

4  Lepttma,  Dalm. 


Organic  Remains  of  the  Grawsoacke  Group.  591 

LeptiEDa  minuta,  Ooldf.     Eifel,  O.  T. 
J.  Orbicula  concenlrica,  Fon  Buck.     Martenberg,  Waldeck,  C.  T. 
1.  Crania  prisca,  If  an.     Ratingen  (Graiiwacke),  G.  T. 

Gryphfpa,  speciea  not  deteniiined.  Keswick,  near  Kirby  Lonsdale,  Phil, 

1.  Pecten  primigeniiis,  Meyer,     Wisenbach,  Herbom,  Meyer, 

2.  Munsteri,  Afei/er.     Wisenbach,  Herbom,  Meyer. 

3.  grandsEids,  Goidf.     Geistlecher  Berg,  Herbom,  G.  T. 

4.  —  Oceani,  Goldf.     Hnrz,  G.  T. 

5.  Noptiini,  Goldf.     Eild,  G.  T, 

,  species  not  determined.     Keswick,  Phil. ;   Plymoulli,  Hennah  ; 

S.  of  Ereland,  ft'eav. ;  Pokroi,  Lithuania,  f'wi  Buck. 
Ragiostoma,  sptcies  net  determined.     Keswick,  Phil. 
1.  Inoceramu*  vetustus,  i'oif.     Elbersrcutb,  G.  T. 

1.  Avicula  obsoleta,  Goldf.     Ab«ntheuer,  Hundsruck,  G.  T. 

2.  -    -   —  lepida,  Goldf.     Geistlecher  Berg,  Herbcrn,  G.  T. 

1.  Pterinea  ventricona,  Goldf.     Kemnienmi;  Ems;  Altenahr,  Q,  T. 

2.  costala,  Goldf.     Ems ;  Siebeiipebirge,  G.  T. 

3.  — — — linea!a,  Goldf.     Kenim<.'iiHu;  Ems,  G.  'I'. 

4.  lamellosa,  Goldf.     Siegien ;   Harz,  G.  T. 

5.  ~-  reticulata,  Goldf.     Iserlohn,  G.  T. 

6.  ladiata,  Goldf.     Eifel;   Iserlohn,  C.  T. 

7.  - — —  carinata,  Giddf.     Pfafl'endorfj  Coblenzj  Oneida  County;  Lewis 

Town,  G.  i\ 

8.  — — plana,  Goldf.     Keninienau;  Ems,  G.  T. 

9.  trigona,  Goldf.     Kemmenau ;   Ems,  G.  T. 

L  Posodonia  Becheri,  Jirontt.     Erankenberg,  Hesse,  Meyer ;  Geiitlecher 

Berg,  Herbom ;  lliiiiderotli,  G.  T. 
1.   Area  prisca,  Goldf.     Klostcr  Bmck,  Solingen,  G.  'f. 

1.  Nucula  antiqua,  Goldf.     Harz;  Ems,  G.  T. 

2.  subnciides,  Goldf.     llurz,  G.  T. 

3.  fornicata,  Gold/.    OIpe,  O.  T, 

4.  -^  securiformia,  Goldf.     Ems,  G.  T, 

a.  pinguis,  G<ddf.     Ems,  G.  T. 

1.  Trigouia  smcata,  Goldf.     Lindlar,  G.  T. 

2,  ooncentricu,  Goldf.     Liudlar,  G.  T. 

• 1  (ipefies  not  deteniiined.     Keswick,  Phi!. 

1.  Megalodon  cucuUatun,  Sow.     Newton  fiuiihcl,  Devon,  De  la  B. 

1.  Modiola  Goldfussii,  Ha^n.     Eifel,  G.  T. 

2. anti(iua,  GMf.     Ems,  G.  T. 

3.  ■ Gothlandicn,  Hit.     Gottland,  IIi». 

I.  MytiKis  vetHstiis,  Goldf.     Dillenberg;  Upper  Canada,  G.  71 
] ,  CrassBtella  obsoleta,  Goldf.     Wipperfiirtli,  G.  T. 

1.  Cardium  costcllatum,  Mttmt.     Elbcrsreutb:  Prague,  Haen. 

2.  hybridum,  Munst,     Elbersreuth,  flcen. 

3.  lineare,  Muntt,     Elbersreuth,  Hoen. 

4. prisciim,  Muiitt.     Elbersreuth ;  Prague,  Hcen. 

5.  striatum,  Muml.     Elbersreuth,  Heeti. 

6.  alffiform*,  Sow.      Scarlet,   Isle  of  Man,  Iletulow ;  Plymouth, 

Hennah;  Newtun  Bushel,  Devon,  De  la  B. 

7.  faacieidatum,  Goldf     Kemraeiiau ;  Ems,  G.  T. 

8.  marginotum,  Goldf.     Kemmenau,  Ems,  G.  T. 

9.  carpomorphnm,  Dalm.  Ostrogothia,  G.  T, 

1.  Caidita  coalellata,  Muml.     Elbcrsg-evith,  Hcen. 

2.  '  gracilis,  Mu/iJtt.     Elbersreuth,  Hem. 

3.  — - — -  plicatn,  Afutut.     Elbersreuth,  //ten. 

4.  tripartita,  Mxntt.     ElbtTdrcvith,  Ham. 

1.  Isocajdia  Humboldtii,  Hoen.     Wisenbach,  near  Dillcnburg,  Ham. 

2.  oblonga.  Sow.     Cork,  Flem, 


■      -  -JfliiJ-S.%1 
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• nigosa,  Goldf. 

Cyprina  minuta,  Goldf. 
Corbula  zonarta,  Goldf. 
Cy there  Okeiii,  Mujn»l. 


Venericardium  retrostriatum,  Von  Buck.   Maitcnberg,  Waldeck,  G,  T. 
Lucina  Proacia*,  Goldf.     Eilel;  Bcnsberg,  G.  T. 

lincata,  Goldf     Eifc-1.  G.  T. 
Eifcl,  G.  T. 
Eifel,  G.  T. 
EifeJ,  G.  T. 
Kegnitzlosau,  G.  T. 

suburbiculata,  Mtitutl.     Regnitzlosau,  G.  T, 

■  inilata,  Afuust.     Rcgiiitzlosau,  G.  T. 

— —  Hisingeri,  Murut.     Kegnitzlosau,  G.  T. 

elongata,  Afuntt.     Rognitxlusau,  G.  T. 

—  bilubata,  Mtuut.     Kegriitzlosau,  G.  T. 

^ — aubcylindrica,  Mutul.     Kegnitzlosau,  0.  T. 

•  tDtermedin,  Mun»t.     KegniiKlogau,  G.  T. 

Sanguinolaria  gibbosa,  Sow.     Alteiiulir,  G.  T. 

imdulato,  Sow.     Siebengebirge,  G.  T. 

concentriea,  Goldf.     Eifel,  G.  T. 

—  lamt^Uoaa,  Goldf.     Eifel,  G.  T. 

doraata,  Goldf     Eifel ;  Altenahr,  G.  T. 

tnmcata,  Goldf.     Eifel,  G.  T. 

phaseolina,  Goldf.     Eifel,  G.  T. 


solenoid' 


ea,  Goldf     Siebengebirge ;  Altenahr,  G. 
liata,  Goldf.     EifeL  G.  T. 


T. 


Pholadomya  radiata,  Gohlf.     Eifel, 


MoLlUSCA. 

1.  PateJla  Neptuni,  Goldf     Eifel ;  Olpe,  G.  T. 

2. primigena,  Goldf     Praflratn,  G.  T. 

3.  1  conica,  Wald.     Kiniiekulle,  Westrogothia,  Hi*. 

4.  ?  pennicostis,  WahL     Ulandu,  Westrogothia,  Hit, 

5.  .^  ?  concentriea,  tf'a/tl.     Mbsseberg,  &'c.,  Westrogothia,  /Ti*. 

,  species  not  determined.     Keswick,  near  Kirby  Lonsdale,  Pkil. 

1.  Pileopsis  vetusta,  6'uu-.     Soulli  of  Ireland,  Weav.    Plymoutb, //ranoA. 

2.  prisctt,  GoI,jI/:     Eifel,  G.  T. 

3.  compressa,  Goldf     Eifel,  G.  T. 

I.  Melania  conatricta,  .S'oKi.     South  of  Ireland,  frirat». 

1.  Natica,  species  not  determined.     Plyinoutli,  Hennah.  Newton  Bushel  f 

DflaB. 

1,  Nerita  spirala  ?  i'ow.     Plymouth, //ewiaA. 

2.  - — -aubcostataf,  Goldf     PfaiFrath;   Ems,  G.  T. 
,  species  not  deterniiiied.     Herefordshire;  Gloucestershire; 

of  Ireland,  Weap. 

1 .  Delphinula  a^quilatera,  ffahl.     Westrogothia,  Hit. 

2.  alata,  tVahl.     Gottland,  His. 

3. catenulata,  H'ahl.     Gottland,  His. 

4.  —  Coniu  Arietis,  IVahl.     Gottland,  Hit. 

5.  subsuleata.  Hit.     Gottland,  //is. 

1.  CimiB  acuttiBj,  .Vufp.     S.  oflrelaml,  IfVar-.     Plymouth, //ennaA. 

1.  Pleurolomaria  cirrifoniiis,  Xotv.     Plymouth,  Hennah. 
t .  Euomphalus  catillu.s,  .Sow.     S.  of  lret<*nd,  Weav.     Iiake  Erie,  Horn. 

Dudley,  G.  T. 

2.  —  centrifugus,  Wahl.     Wikarby,  Dalecorlia,  Hit. 

'.I,  —  funatus.  Sow.     Dudley,  Jolirutom-. 

4.  — — — nodosiia,  i'oip.     Eifel;  Bensberg,  G.  T. 

5,  spinosii3,  Goldf     Bensberg,  G.  T. 


•   rd-BK*  orOicul/ita,  Schtot. 
2  Trochut  acMitu,  Goldf. 


f  Bueeinutit  lubroiMun,  Schlot, 
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^iiomphalus  Itevig,  Goldf.     Upnsbere,  G.  T, 

7.  miliatu«,  Gotdf.     EilcJ,  G.  T. 

8.  • strifltiiu,  GuUf.     Eifel,  G.  T. 

9.  articulatu*.  Goldf,     Eifel,  O.  T. 

10.  depressua,  (iuldf.     Eifel,  G.  T. 

11. delpliiniilaides*,  Goidf.     Binisberg;  Eifel;  Dillenberg,  G.  T. 

12.  ^  trigonalis,  GoW/     BcTisberg ;   Eifrl.  G.  71 

13.  carinatus,  Goldf.     IJensbergi  Eifel,  G.  T. 

H.  nngiilntus,  WnhL     Gottlnnd,  //w. 

15,  — -^  siibstriatns,  Hit.     Gottland,  His. 

16.  custatus,  //m.     Gotlland,  Hi». 

,  specioa  not  detcrTnined.    Newton  Bushel,  Devon,  De  la  B. 

1 .  Troclma  ellipticiia,  Jlisinger.     FunuLiI,  Ualccarlia,  Hit. 

2.  csaltatus,  Goldf.     Eifel,  G.  T. 

,  Bpecies  not  dotormined.     Pokrot,  Ion  Bnch. 

1.  Turbo  faicaritiatus,    Wahl.     Wikorby,   Dalecarlia;   Borenshult,  Ostro- 

gothiii,  Hit. 

2.  Tiara,  Hoiv.     Plynioutli,  Hennah, 

3.  armatus,  Goldf.     Eifel,  G.  T. 

4. nodosijs,  Goldf.     Eifel,  G.  T. 

5.  ctelatus,  Goldf     Eifel,  G.  T.  V 

6.  porcatus,  Goldf.     Beiisberg,  O.  T. 

1.  Rotella  helicinjtfomiLs  t,  Goldf.     Pfaffrath;  Eifel,  G.  T. 
= — ,  spcties  not  determined.     Pokroi,  I'oh  liuvh. 

1.  Turritella  abbreviata,  6W.     Newton  Bushel,  Devon,  Di  la  B. 

2.  piiscu,  Miijtsl.     Elberareuth,  Munst. 

3.  — ----    '  ciiigulata,  His.     Gottlatid,  Jfis. 

4.  bilincatal,  Goldf.     Bensberg;   Pfaffrath;   Eifel,  G.  T. 

6,  ■ coronata,  Goldf     Plaflrath,  G.  T. 

6.  striatfl,  Goldf     Eifel,  G,  T. 

7.  obaolcfo,  Goldf.     Eifel,  G.  71 

,  species  not  iJetermincd.     Beckfoot,  near  Kirby  Lonsdale,  jPA»7. 

Pleurotoma,  species  not  determined.    Newton  Bnslid,  Devon,  De  ia  Ji. 
I.  Murcx?  Haqmla,  .SW.  Newton  Bushel,  Z)c! /a  Zf.,*  Plymouth,  //fflna/i. 

1.  Buccinum  spinosumj,  Sow.     Plymouth,  Jieunak ;  Newton  Bushel,  De 

la  B. ;  Ben  she  rg,  G.  T. 

2.  acutum,  Sow.    Plymouth,  Hennah  ;  Bensberp ;  Pfaffrath,  G.  T. 

3.  breve,  Sou;     Newton  Bushel,  Devon,  De  lu  B. 

4.  imbncaluin,  Sou:    Newtou  Bushel,  De  la  B. ;  Plymouth, //^en- 

uuA  ;  Bensberg,  G,  T. 

5.  arcuatuni,  Sc/ilol.     Bensberg ;  Lustheide,  G.  T. 

1.  Pha.«ani?lla  ventricoaa,  Goldf     Eifel,  G.  T. 

2.  ■ hiiecJnoJdlea,  Goldf.     Eifel,  G.  T. 

3.   ftisiformis,  Gohlf     Eifel,  G.  7*. 

?.   Bellerophon  tcnuifasda,  .Vow.     S.  of  Ireland,  U'eav. ;  Newton  Buahcl, 
Devon,  De  la  B. 

2.  — — ^  ovatus,  Sow.     S.  of  Ireloiid,  ?fV?<jt>. 

3.  hiulcusjl,  .?ow. ;  Bensberg;   BJankenheiin,  G.  T, 

4.  - — Hiipschii,  Dffr.     Chiinay;  PfaHrntb,  G.  7*. 

5.  ■  noduloiiuii,  Goldf.     Bensberg ;  Harz,  G.  T. 

6.  ■ — Comu  Arietis,  Sow.     Catskili  Mountains,  Haen. 

7.  —  opertU3,  .Von'.     Plattsburg,  New  York,  Hwn. ;  Eifel,  G.  T. 

8.  • ■  coatatiis,  Soii\     Plynionth,  Hiimali ;  Pokroi,  Von  Buck. 

9.  uiidulutus,  Goldf.     Ulankeribejjn,  G.  T. 

,  species  not  determined.     Plymouth,  Heitnnh. 


•  IJelix  flcljth.,  Schtot 

X  Murtt  turbinatui,  Schlot 

II  li.  ttriatua,  Guldf. 


\  Hclii  hflicirurformin,  Schlot. 
S  Turritella  spinota,  GoUt 
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1.  Conularia  qiiadriiiulcaU,  MiUer.     Glouccstcnkire,  Wem. ;  BoiYmhult, 

Oi»roffotliia,  Hu. ;  Monlinorpncy  Falls,  Qu«ber,  //era. 

2.  -—  pyramiuiita,         .     May,  near  Caen,  Detlongchnmpn. 

3.  ' — teres,  Sow.     Lockport,  N.  Anioricft,  Hcen. ;  Eifel,  G,  T. 

,  apecica  not  dcUnnined.     May,  Calvados,  Deilong. 

1.  Ortboceratitea  sLriatUB,  Sow.  S.  of  Ireland,  Wtav.;  Malmoe,  Chnitiuua, 

AL  Brong. ;  Trenton  Falls,  New  York,  Hofn. 

2.  ■"  undiilatus,  Sow.     S.  of  Ireland,  Weav.     Czarko-Szelo,  ncai  Sl 

Petersburg,  .11.  Brong. 

3.  — —' —  paradoxicus,  .^ov.     S.  of  Irelnnd,  Wenv. 

4.  — circularis.  ^oKi.     Glouct-sicrshire ;  Heretordsbire,  Wtav.;  Ply- 

mouth,  Urnnah. 

5.  annulaliis,  Smt:     Gloucestershire,    Wear. ;   GeroUtein,  Eifd, 

Schlot,  ;  Gottland,  Bis. 

6.  flexuosns.  Sch/ot.  Oeiand;  Gerolstein,  Eifel,  HoU.  Black  River, 

New  York,  /fcr?i. 

7.  — = communis  U'a/il.     Common  in  Sweden,  i7a. 

8.  —  duplex,  It'iiht.     Kinnekulle,  Sweden,  HU. ;  Black  River,  N«» 

York,  Hunt, 

9.  trochlearis,  Dolman.     Solleroe,  Dalecarlia,  Hit. 

10.  turbiiiatus,  Dalman.     Dalecarlia :  Isle  of  Oeiand,  Hit. 

11.  ~  centralis,  Datman.     Sollrrflc,  Dalecarlia,  //«. 

12.  graeilia,  Schlot.     Helleaburg,    Naasau,    Jt.  Brong,;    Wimoi- 

bacfa,  Hwn, 

13.  crossivcntris*,  Wahl.  N.W,  tide  of  Lake  Huron,  Hem.;  Gott- 

lanil,  //;*. ;  Eifel,  G.  T. 

14.  rectus,  Bosc.     Kucbel,  near  Prague,  Hem. 

15.  regularia,  ScfJot.  Oeknd,  //o-n. ,    Elbersrcnlh,  Bavaria,  MtutU. 

16.  giganteus,  Suw.    Gerolalein,  Htxti. ;  Elbcrareulli ;  Regnitzlouu, 

Bavaria,  MuiisL 

17.  '  atiiolatus,  Jifeger.     Herborn,  Dillenberg,  Meyer. 

18.  acuttriuB,  3/(iw*/.     Elbersrtuth.  ;Vun«<. 

19.  —  gtriatopuncUitus,  il/«/i«<.     Elbersreutli,  ^/tinW. 

20.  — = —  cingxilatu*,  Mutul.     Elbersreulh,  Muntl. 

21.  torquatus.  MuhhI.     Elbersreulh,  Munst. 

22.  Steinhaueri,  Sow.     Elbersretith,  Muntt. 

23.  cnrinatus,  Munst.     Elbersreulh,  Muntt. 

24.  linearii,  Muntt.     Elbersreuth,  MuHft. 

25.  irregularis,  Muntt.     Elbersreuth,  Munst. 

26.  excenlrica,  GoUf.     Bensberg^  Gladbacb,  O.  T. 

27.  ■  noduloaa.  Gold/.     Eifel.  G.  T. 

28.  imbricBtus,  If'afil.     Gottland,  Hi$. 

29.  sneuktu!),  JVahl.     Gottland,  Hit. 

30.  undulatus,  Hit.  (not  Sow.).     Gottland,  Hit. 

1.  Cyrtoceratite*  semilunaris,  Goldf.     Bcnsberg,  G.  T. 

2.  ^— ^—  dcpressuif,  Gotdf.     Gerolsitein,  Eifel,  G.  T. 

3.  compressus,  Guldf.     Eifel,  G.  T. ;  'Oeiand,  ffoU.  ' 

4.  — ■  omatiw,  Goldf.     Bensberg,  G.  T. 

5. aiinulatus,  Goldf.     Eifel,  G.  71 

6.  lineatus,  Goldf.     Eifel,  G.  T. 

1.  Spiriila  camprcssa,  Goldf.     Eih.ieh,  Dillenberg,  O.  T. 

2.  nodosa,  Goldf     Eifel,  G.  T. 

3.  costala,  Goldf     Eifel,  G.  T. 

4.  annulata,  Goldf.     Eifel,  G.  T. 

fi.  carinata,  Goldf     Eifel,  O.  T. 

€.  dortata,  Ooldf.     Eifel,  Q.  T. 

*  Ortkeetratittt  inflatui,  Goldf. 


II 


Spinila  constricta,  Goldf.     Montmorency  Falls.  Canada,  G.  T, 

-,  species  not  deteriuined.  Gloucestershire;  Herefordshire,  Weav.; 
Plymouth,  Htnnah  ;  Env.  of  St..  Petersburg,  Slratigway*. 

1.  LituiteB  perfectiis,  Wald.    Mogseberg,  Sweden,  Al.  Brong. ;  Revel,  Hcen. 

2.  iniperfecftjs,  IVahl.     Jungby,  Sweden,  .11.  Brong. 

1.  Nautilus  jilobatus",  Sow.     S.  of  Ireland,  Weav.;  Trenton  Falls,  G.  T. 

2.  multirarinatus,  Sote.     S.  of  Irelaiul,  IVeav. 

3.  ci-mplanatu.s,  Sow.     Scarlet,  Isle  of  Man,  Hemlow. 

4.  cnriniferus.  Sow.     Black  Rock,  Cork,  Sow. 

5.  divisus,  Miinst.     Geistliclicr  Berg,  near  Herbom,  //awi. 

6.  — Wriglitii.  Firm.     Cork,  Wright. 

t?,  funatus,  Flevi.     Cork,  Sow. 

f  8,  compressiis,  FUm.     Cork,  Sotc. 

+9.  —  ovatus,  Flem.     S.  of  Ireland,  Wertv. ;  Hof ;  Schleitz,  Afunst. 

Ammonites  Hcnslowi,  Sow.     I.  of  Malt,  Henslow. 

iiubnauliliniis,  Scfilol.     Wissesibiii-ii,  near  Dillenberg,  Htm. 

cxpun8u<i,  foil  liuch.     Geiitlichcr  Herg,  G.  T. 

evexui,  I'on  Buck.     Gerolitein,  Eifel,  G.  T. 

Noggerathi,  Uddf.     Eife! ;  Wissenbach,  G.  T. 

primordialis,  Schlol.     Winterberg,  l^arz,  G.  T. 

7, B^cheri,  Gofdf.     Eihacb,  Dillenberg,  G.  T. 

8.  liucningliausii,  I'oii  Buck.     Uensberjf,  G.  T. 

9.  Munsteri,  Von  Buch.     F.lbprsreuth,  G.  T. 

10.  simplex,  Von  Buch.     Rammelnberg;  Goslar,  G.  T. 

11.  iDH'qui.striatU!*,  Muntl.     Elber^n-uth,  G.  T. 

13.  ■ semiatriatu.s,  yVww/.     Elbersieutli,  G.  T. 

13.  specjosus,  Munst,     Elbersreuth,  G.  T. 

14.  ~  retrorsua,  Von  Buch.     Martenberg,  Waldeck,  G.  T. 

15.  ^^^—  Dalnianni,  Ilis.    Gottland,  Hit. 

,  ipecies  not  determined.    Gloucestershire ;  Herefordshire ;  S. 

of  IrclRnd,  Wear.;  Newtnn  Bushel,  XJif /a /i. ,■  Eifel;  Hof; 
Frankenbcrg,  Herbom,  Munat. 

1.  Aptj'chus  antiquum.  Gold/.     GciRllicher  Berg,  Herbom,  G.  T. 

2.  I^vigatus,  Goldf.     Eifel,  G.  T. 

CRUaTACBA. 

I.  Calymcne  Blumenhachii.  ,4/.  J5row^.  Dudley;  Lebanon,  Ohio;  New- 
port, Ulica,  United  Slates,  Al.  Brong.  ;  Gloucesiershire ; 
Herefordshire,  Wem\ ;  Skartofta,  Scania ;  Gottland ;  0»tro- 
gothio,  Ilii. ;  Blankcnheim,  Hceii. 

3.  macropKthalma, ///. /irony.    United  Statea;  Cromford,  near Du»- 

seldorf,  At.   Brong. ;   Dudley,    Wtai'. ;  Shrvpsihire,  Stoke* ; 
Dillenberg,  Hten. 

3.  variolaris,  Ai.  Brong.    Dudley,  Stoket ;  Glouccstcrahire  ;  Here- 

fordshire, Weav. 

4.  Tristan i,  ..-f/.  Ztftjw^.  Breiivillc,  Cotenlin  ;  Falaise;  La  Hiinon- 

diere ;   Bain,  near  Rcnnos,  Al.  Brong. 

5.  — bellatula,  Dalman.     Husbyf^oel,  Ostrogothin,  Hit. 

6.  • •  ornata,  Dalman.     Husbyfjoel,  Ostrngothia,  Hlit. 

7.  ' verrucosa,  Dalman.     Varying,  near  ihe  mountain  of  Billingen, 

Wcitrogothia,  I/is. 

8.  polytoma,  Daiman.     Ljnnp,  Ostrogothia,  Hi*. 

9.  Jtctinura,  Dftlman.     Berg,  Ostrogothia,  Hit. 

10.  Sclernps,  Dalman.     Furuda!,  Dalecarlia;  Ostrogothia,  .fl«. 

11.  ^  Schlotheimi,  Bronn.     GeroUtein,  Eifel,  G.  T. 

•  Dr.  FJsniing  consider*  that  this  »heH  may  probably  be  hii  Nautilut  WrigkliL 
t  Eiiiptolittl  of  Sofrirby. 
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12.  Calymene  latiferus,  Bronn.     Gcrolatein,  Eifel,  O.  T. 

13.  ?  a?qualis,  A/r_yrr.     Hurljorn;    Dillenberg,  A/ery^r. 

14.  punctata,  Dalm.     Gottland,  //«*. 

15.  ^^^^  concinaa,  Dcdm.     Gottland,  His. 

16.  ^- — —  liEvigatn,  Goldf.     Gcroldtein,  Eiiel,  G.  T, 

17.  aracrinoides,  Goldf.     Gerolstein,  G.  T. 

1.  Aaaphus  ci>niigerus,  A  I.  Brong.     Env.  of  St.  Petersburg,  Al.  Brtnj.; 

Reve\,  Schlot. ;  Blaiikenheiin,  I/tpn. 

2.  cordigenis,  Al.  Brong.     Dudley,  Slakes, 

3.  Hauan^anni,  Al.  Brong.     Nehou  (La  Manche) ;  Prague,  i^i 

Brong.;    Canada;    Catskilt   Mountauis,   Karlstein ;    Kugel, 
If  can. 

4.  ' —  de  Buchii,  Al.  Brong.    Dinerawr  Park,  Walei ;  C3rer,  Nonraj, 

Al.  Brong. 

5.  BrongniartJi,  Deslongekampi.    May;  Nehou,  Normandy;  Eifd, 

At.  Brong. 

6.  exteiiuatus,  ffahl.     Husbyfjocl,  Ilcda,  Ostrogotliia,  Jlis. 

7.  granulatus,  Waht.    Vailing,  Ollelierg,  Westrogothia ;  Furudal, 

DaJecarlifl,  Jfis. 

8.  • •  aiigustifrons,  Dalman.     Husbyfjoel,  Ostrogothio,  Hit. 

9.  ~ Heros,  Dalman.     KiimckuUe,  Westrogothia;    Vikarby,  Dale- 

carlia,  His. 

10.  expansus,  Walit.     Common  in  Sweden,  IJit. 

11.  platynotuH,  Z)a/mAH.     Westrognthia,  His. 

12. frontalis,  Dalman.     LjniiK.  Ostrogolliin,  Hit. 

13.  Ijfivicepg,  Dalman.     Ilusbyt3«>l,  Ostrogothia,  Hit, 

14.  ■  palpebrosus,  Dalman.     Husliyfiol,  Oslrogolhia,  Hit. 

15.  cra»sacauda,   Wahl.     Husbyljol;    Christioiiia;    Bain;    Ciarko- 

SkgIo,  Al.  Brong. 

16.  brevicaudatue,        .     May,  Calvados,  Her. 

17.  ~  incerttis,         .     May,  CaJvndos,  Her. 

18.  —  .-..  ■  mucronatiiB,  Al.  Brong.     Ostroguthia ;  Vestrogothia,  Hit. 

19.  caudflhis,  Al.  Brong.     Gottland,  Hi*. ;  Dudley,  G.  T. 

20.  Bucephalus,  Goldf.     Eifel,  G.  T. 

21.  ^armatua,  Goldf.     Eifel,  G.  T. 

1.  Ogygia  Guettardi],  At.  Brong.     Angers,  Al.  Brong. 

2.  Desmaresti,  Ai.  Brwxg.     Angers,  Al.  Brong. 

3.  — —  WahlcnbergiJ,  Al.  Brong.     Angers,  Al.  Brong. 

4.  - — —  Sillimani,  AL  Brong.     Banks  of  tlie  Mohawk,  near  Schenec- 

tady, Al.  Brong. 

1.  Paradoxides*  Tcsaini,  AL  Brong, 

Ginez,  Bohemta,  Hcen. 

2.  spinidosuati   AL   Brotig. 

Westrogothia,  Hh. 

3.  —  gibboRuaJ,  AL  Brong.     KinnckuUe,  AL  Brong. 

4.  scaraboidesj,  Al.  Brong.     Falkiiping,  Al.  Brong.;  Ostrogothia; 

Westrogothia,  Hit. 

1.  Olenua  Hoffii,  Goldf.     Braatz,  near  Ginez,  Bohemia,  AL  Brong. 

2.  Bucephalus,  JFafd.     Otstorp,  Vestrogothia,  Hit- 

3.  — roncrncvplialus,  Goldf.     Eiid,  G.  T. 

4.  flabellifCT,  Goldf.     Eiffl,  G.  T. 

6.  Sulzerill,  Goldf.     Ginctz,  Bohemia,  G.  T. 

1.  Niletu  Armadillo,  Dalman.      Hiisbyljt>]  and  Skarpaaen,  Ostrogothia; 
Tomarp,  Scania ;  Furudal,  Dalucarlia,  Hit. 


OJstorp,  Westrogothia,  AL  Brimg.; 
Andrarunt,   Scania,    Al.  Brong.; 


•  Olennt,  D&lnj. 

{  Olenitt  gihbottu,  Wahlenberg. 

)|   Trilobitti  Snlzeri,  Schtot. 


f  Oknvt  tpmulotiu,  Wahlenberg. 
I  Okntu  tearabiMti,  Wahlenberg. 
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Nileus  GlonierimiB,  Dabnan.     Hiisbyfjol,  Ostrogothia^  His. 
lIlaDniift  Centaunis,  Dulman.     Ink"  uf  Oeland,  iiit. 

controtUB,  Dnlman.     HuHbyQiil,  Ostrogothia,  Hit. 

— —^ —  laticnii'Ja,  Wahl.     Oanmindsberg,  Delwarlta,  ll'u. 

Ampyx   nasntus,   Dalma».     Skarpaaoi   aud   Husbyfjul,  Ostrogothia; 

Varving,  Wt^strogotliie,  His. 
Agnostus  pisiformis,  AL  Brong.  Kitiuekulle,  Miisiebcrg;  WestrogoUiia, 

^-/Z.  Brniuj. 
Isotelus  Gigaa,  Dfkay*.     Trenton  Falls. 

plauusr  Dfkaif.     Trenton  Falls. 

Tril«bitcs,  species  not  dctertniiied.  Knv.  of  St.  Petenbut^,  Strangwayt ; 

Isle  of  Mnn,  lltmlotv;  Brixlmin,  Devon,  De  la  B. ;  Newton 

Busliel,  Radley  and  De  la  B. ;  Elbersreuth,  Munst. 


Pisces. 

Ichthyodonilites,  Buckl.  &qA  De  la  B.     Dudley,  Clatjjield;  Hercford- 

aliire,  P&il. ;  Shropshire,  Mitrch. 
Fish  bones  and  a  tooth.     Wiitcfidd  ipiany  and  Skeay's  Grove,  Torl- 

worthj  Gloucestershire,  fVeav. 
Casta  referrible  to  the  vertebrse  of  fish,  S.  of  Ireland,  Weav.f 


m  *  Aiaphut  piatycepltaiiu,  Stokei. 

f  II  Rhnutd  he  observed  that  there  are  several  hitherto  undescrlbcd  foHlU  of  the 
^ramTuckc  limestone  of  Plytrioiith,  in  the  collection  of  the  Rev.  11.  Keiiiiab;  among 
these  Mr.  Sowerby  has  noticed  the  fullowring : 

Cmichifera. 

1.  Spirifbr  reticulatus,  Sow.  MS.,  nlso  from  Ireland,  Hoie. 
S,  ■     -     -  iietitagonus,  Smc.  MS. 

1.  Tercbratula  llcrinahlana,  AW.     Oblong,  ruther  square,  convex,  and  smnolh  ;  a 

wide  furrow  runs  along  the  middle  of  the  larger  valve,  the  beak  of 
urhicti  IN  much  produced. 

2.  • gjgantcft,  Sinv.     Oval,  the  front  rather  straight ;  valves  equally  con- 

vex, a  little  flattened  towards  the  front;  beak  uf  (he  large  valve 
moderately  produced,  not  incurved.  Five  and  a  half  inches  long, 
four  inches  wide. 

3.  _^_._  rotundata.  Sow.     Globose,  smooth  ;  beaks  larf^e,  touching. 

4.  like  T.  qffinis,  but  has  finer  stride,  a  produced  beak  to  the  luger  valve, 

and  a  greater  length  ;  it  is  aUo  rather  more  flat. 

5.  ^ Lachryma,  Sow.  MS. 

1.  Pmducta  ojiomala,  Sote.  MS.,  also  from  Ireland  and  Preilon,  Sow. 


Molltttca. 


1.  Turbo  cirrifurmis,  Sow.     Spire  short,  of  thtee   very  convex  whorll,  unooth  ; 

length  and  breadth  equal. 
J.  Natiea?  — ■     Kearly  globoiie;  (pirc  pointed;  vrhorli  tew  ;  the  lost  large; 

»moatli. 
1.  Terebra  Hennahinnit,  Smc.    Turriled,  atides  nearly  straight ;  whorls  flat,  croHed 

by  slightly  curved  deep  striar.     Also  from  Preaton,  Sou: 


APPENDIX. 

A.   On  some  of  the  Terms  employed  in  Geologif. 
£att.  Fig.  U9.  »'«/. 


Stratum. — iVi-THOUGH,  perliaps,  this  term  should  only 
applied  to  a  bed  ol'  rock  the  upper  nnd  under  surfaces  of  wl 
are  parallel  pliines,  it  is  also  enipiovetl  to  designate  beds  I 
upper  and   undtr  suiTacvs  of  which  are  irregular.     Her 
rocks  are  termed  strati Hed,  t-veti  when  the  planes  of  the 
are  not  precisely  parallel  to  each  oiher. 

St-am. — This  term  is  employed  to  designate  a  thin  stratui 

DijK — Strata  are  said  to  dip  when  tliey  lorni  an  angle  wi 
the  horizon  J  the  point  towards  which  they  plunge  being  cc 
si«lered  the  dip.  Tiie  amount  of  the  clip  is  estimaterl  by  t 
size  of  the  angle.  In  I"'ig.  119.  the  strata/dip  at  a  considerable 
angle  to  the  west,  because  tliey  Ibrni  a  considerable  angle  wiih 
the  horizontal  line  Ah  ;  the  strata  d  do  the  same  towards  the 
east.  The  strata  a  b  c  are  nearly  horizontal,  having  only  a 
slight  dip  to  the  west. 

As  it  is  evident  that  mere  vertical  sections,  viewed  only  in 
one  direction,  may  afford  a  false  idea  of  the  real  dip,  and  as 
the  planes  oi  the  strata  may  be  irregular,  the  student  raust  be 
careful  to  ascertain  the  general  and  real  dip  of  such  planes. 

Dhectinn. — A  term  applied  to  the  course  which  strata  take 
at  right  angles  to  their  line  of  dip. 

Strt/-t\ — A  term  recent lly  introduced  into  English  geological 
writings,  from  the  German  '  Streich,'  and  also  applied  to  the 
bearing  of  strata  at  right  angles  to  their  dip. 

Anlicluial  line — is  that  line  from  which  strata  dip  on  either 
side:  the  ridge  of  a  house-top  will  convey  an  idea  of  this  line, 
the  slope  of  the  roof  representing  the  dip  of  the  strata.  This 
line  is  often  extrenaely  useful  in  tracing  disturbances  of  strata 
over  a  country. 

Contorted  Strata. — Strata  are  said  to  be  contorted  wheu  tin 
are  twisted  and  bent,  as  at  r,  Fig.  119.     These  contortions  arc 
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sometimes  on  the  large  scale,  as  for  example  in  ilie  Alps  wliere 
whole  luouiiUiius  are  thus  twisted. 

Coiijonnahle  Strata. — Strata  are  termed  confi'rmable  Avhcn 
their  general  planes  are  parallel  to  each  other.  Thus  a  rests 
conformably  on  b. 

UnconJbrmaUe  S/rala. — Strata  are  said  to  be  unconformable 
whtu  they  rest  asab  aiul  c  doon  theedgesof  the  beds  r/,  Fig,  119. 

(hiicro/t. —  Betls  are  stated  to  crojxmt  when  they  make 
their  aj)|)ea]aiice  on  the  surface  from  beneath  others.  Thus 
the  strata  d  crop-out  at  g,  as  do  al:>o  the  beds  at  a  6  at  the 
same  place. 

Outlier. — ^Strata  are  said  lo  form  outliers,  when  they  con- 
stitute a  }ioni()n  of  coiiniry,  detached  troni  a  main  mas*  of 
similur  beds,  of  which  they  Iiave  evidentty  once  formed  a  con- 
tintious  part.  Thus  the  beds  a'  a  constitnte  the  outlier  O  of 
the  strata  forming  the  plateau  P,  fi>r  they  ha%'e  evidently  once 
been  continuous,  and  the  continuity  ha.s  been  interrupted  by 
the  valle}'  D. 

Escarpments — Strata  are  said  to  terminate  in  an  escarpment, 
when  ihey  end  abruptly,  us  a'  a  and  Ijf  do  at  E. 

Fault — is  sucli  a  dislucution  of  strata  that  not  only  is  their 
continuity  destroyed,   but  the  mass 
of  beds  on  the  one  side  of  the  frac- 
ture or  on  tlie  other,  and  sometimes 
both,  are  heaved  outof  their  original 

Eosition.  I'hiis  the  beds  in  Fig.  120. 
ave  been  dislocated  or  broken  into 
a  fault  silf,  the  parts  of  the  stratum  a  being  no  longer  on  the 
same  piane. 

Dt/ke, — This  is  a  wall  of  rock  intermediate  between  two 
sides  of  a  dislocationj  ijiterrupting  the  continuity  of  tlie  beds 
on  either  side,  Sonieliuies  the  latter  exhibit  marks  of  having 
been  shoved  up  by  the  intrusion  of  the  rock  in  the  dyke,  as  in 
Fi^.  120,  where  the  dyke  d  has  turned  up  the  edges  of  the 
beds  which  it  traverses.  At  other  limes,  there  has  been  a 
simple  fracture  and  separation,  permitting  the  presence  of  the 
matter  in  tlie  dyke. 

Eock. — This  term  is  used  by  geologists  not  only  for  the 
hard  substances  usually  thus  termed,  but  also  tor  sands, 
clays,  &c.  It  is  also  employed  to  express  a  general  collection 
of  such  substances;  thus  the  expression  "die  rocks  of  a 
country;"  or  a  particular  series  of  mineral  substances,  such 
us  "the  carbonilerous  rucks,"  "the  cretaceous  rocks,"  &c. 

Formution. — A  certain  series  of  ro<;ks  supposed  to  have 
been  produced  under  similar  general  circumstances,  and  at 
about  the  same  epoch. 


Fig.  120. 
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B    On  Geological  Maps  and  Sectinm,  and  the  Geological  Ex- 

amination  of  a  Country. 

It  is  of  the  very  first  importance  that  the  geolojrlst  should, 
before  lie  proceeds  to  the  examination  of  a  country,  be  pro- 
vided with  the  best  pliysical  map  tliat  can  be  procured  ;  so  tlint 
his  observations  may  lie  recorded  on  that  which  will  not  deceive 
him.  It  must  be  admitted  that  such  maps  are  sufficiently  rare;  i 
but  this  tlel'ect  may  now  be  considered  as  bein»j  gradually  re- 
moved ;  for  ill  many  of  those  recently  published  in  this  country 
and  on  the  Continent,  nuich  attention  has  been  generally  pnicl 
to  the  real  physical  features  of  the  country,  more  pHrttculnriy 
to  the  exact  delineation  of  the  mountain  masses.     Formerly 

f geographers  contented  themselves  with  running  a  range  i»f 
li^h  land  between  the  water-sheds,  with  little  regard  to  n?- 
lative  heights;  so  that  ureal  tlejiression  between  two  ranges 
of  mountains  was  not  unlicquenily  convened  into  a  high  con- 
necting ridge,  merely  because  the  streams  of  water  Howed  in 
different  directions  in  consequence  of  a  very  trifling  degree  of 
elevation.  ^^ 

Respecting  the  maps  of  our  own  country,  too  much  praii^| 
cannot  be  given  to  those  pubUshcd  by  the  Ordnance,  remark^" 
able  for  their  general  ficieltty.  Willi  these  maps  in  his  hands 
the  geologist  feels  that  his  time  is  not  thrown  away,  and  by 
noticing  various  minute  circumstances  ujion  them,  he  is  sub- 
sequently enabled  to  soar,  as  it  were,  above  the  country  he 
has  examined  ;  and  by  combining  his  various  observations,  he 
may  arrive  at  general  conclusions,  widi  whicli  he  might  not 
otherwise  feel  satisfied,  and  to  wliicb  iic  miglil  never  have  been 
led  wiihtjut  an  exact  document  of  this  nature. 

As  the  geologist  is  frequently  engaged  on  a  country  of  which 
there  are  no  good  ph3sical  maps,  it  is  i]uite  necessary  that  he 
should  be  able  to  construct  such  a  map,  or  at  least  one  in 
which  the  hills,  rivers,  villages,  and  remarkable  objects,  should 
be  plactd  with  sufficient  accuracy.  To  do  this,  it  is  obvious 
he  must  possess  u  general  knowledge  of  trigonometrical  sur- 
veying. What  is  commonly  termed  military  drawing  will  be 
found  of  the  most  essential  service;  indeed  without  a  know- 
ledge of  it,  the  geologist  will  olien  find  himself  much  embar-  * 
rasseil,  and  be  unable  to  record  that  which  he  has  observed  in 
nature. 

It  may  be  generally  assumed  that,  in  the  maps  of  most 
countries,  the  towers,  steeples,  or  domes  of  churches  and  mo- 
nasteries, remarkably  situated  chapels,  or  very  striking  objects, 
arc  detern^ined  and  placed  with  a  fair  approach  to  accuracy. 
If  we  now  suppose  that  a  geologist,  acquainted  with  military 
drawing,  tias  observed  some  remarkable  facts  in  a  district  uf 
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wliicli  there  Is  only  n  commaii  map,  anti  that  he  is  desirous  to 
record  tlitrn,  he  can,  by  assuming  the  church  towers  or  other 
striking  objects  in  their  places,  readily  construct  a  fjeneral 
physical  map,  more  particuiariy  as  regards  the  mountains, 
hills,  and  river  courses,  to  him  the  most  important  parts  of 
a  map.  For  this  purpose  the  student  will  find  Kater's  or 
Sclmialkaltler's  compasses  extremely  uselii),  as  they  are  made 
very  portable,  and  wjli  supply  the  place  of  the  common  com- 
pass it'  it  be  desirable. 

We  will  now  suppose  the  student  in  possession  of  a  i^ood 
physical  map,  either  constructed  by  others,  or  by  himself.  An 
experienced  person  will  find  no  great  difficulty  in  advancing 
the  gcolorrical  and  physical  maps  at  the  same  time;  but  we 
will  assume  that  the  physical  ntap  exists  by  itself  })rior  to  any 
geolofifical  observation>,  and  that  the  geological  student  is 
about  to  work  upon  it.  I  le  lias  to  trace  all  the  iines  which 
separate  one  rock  from  another  as  they  appear  on  the  surface, 
and  thus  to  represent  the  superficial  areas  respectively  occupied 
by  each  rock.  He  has  also  to  exhibit  tlie  ilirection  or  strike  of 
the  strata  or  beds,  and  their  dip,  and  tlius  to  convey  a  general 
idea  of  their  mode  of  superposition.  Tiie  dislocations  or  faults 
must  also  be  shown,  as  well  as  iho  direction  of  the  mineral 
veins,  where  these  can  be  observed.  To  trace  the  lines  of 
separation  between  two  rocks,  he  must  carefully  observe  all 
the  natural  or  artificial  sections  he  can  find,  and  he  will  more 
readily  accomplish  this  part  of  his  labours:  if  observing  that  the 
line  of  bearing  of  the  strata  is  in  any  particular  direction,  he 
should  follow  a  zig-zag  course  across  the  lines  of  direction,  as 
far  as  he  conveniently  can.  Among  the  artificial  sections 
inirrow  neglectiul  lanes  will  often  be  found  valuable;  as  from 
the  Irictioii  of  the  waggons  and  carls  the  rock  is  frequently 
laid  bare  or  cut  into.  Even  field  ditches  must  be  consulted 
with  care,  more  particularly  when  theoretical  conclusions  are 
to  be  deiluced  from  the  mode  of  occurrence  of  two  rocks  in 
contact  with  each  other.  Let  ns  suppose,  for  instance,  thai 
a  stratified  and  an  unsiratified  rock,  such  as  a  limestone  and 
a  trap  rock,  are  in  contact  or  associated  with  each  other; 
it  is  evidently  important  clearly  to  ascertain  whether  tlie  strata 
of  the  one  be  cut  through  by  thf;  other,  or  if  the  trap  merely 
occurs  between  the  beds  of  the  limestone,  witlunit  any  appear- 
ance of  having  broken  or  cut  the  beds.  Some  countries  are 
much  covereci  superficially  with  pieces  of  rock  transported 
from  various  distances,  and  which  are  not  known,  in  place,  in 
the  neighbourhood;  in  such  cases  it  would  be  obviously  unsafe 
to  consider  such  fragments  as  aflording  any  information  re- 
specting the  nature  of  (he  rocks  beneath  them.  Other  districts 
alone  present  on  the  surface  fragments  of  the  suLyacenl  rocks. 
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and  much  information  may  then  be  obtained  by  examini: 
the  sui-race  of  ploughed  fields,  the  sides  of  roads,  &c.,  attei 
lion  being  pniil  to  the  s'opes  of  the  hills,  on  the  lower  flani 
of  which  fragments  washe«l  from  the  lieights  may  be  foum 
For  instance,  the  line  separating  the  slate  from  the  gran 
on  the  Hank^  of  Dartmoor,  Devon,  is  often   high  above  I 
places  ahnost  covered    by  granite  blocks,  which   have  fallen 
iVom,  or  been  transported  over,  the  slates  of  the  lower  slo 
In  districts  where  there  are  no  erratic  blocks,  large  block 
rock  employed  in  tlic  construction  of  cotLiges,  or  of  conmiun 
field  iiiclosure.s,  infi>rni   llie  siudenl,  that  such  rocks  may 
successfully  sought  for  in  the  immediate  vicinity. 

The  student,  when  he  fitiils  himself  on  a  line  separating  t 
rocks,  slionld  make  a  dot  on  his  physical  inn|),  correspondi 
with   iiis  true  position  at  the  time,  which  can  very  readily 
done,  more  particularly  when  roads  are  conectiv  laid  down 
as  they  are  upon  the  Ordnance  Maps.     By  continuing  to  d 
the  points  wheie  the  rocks  come  into  contact,  he  will,  by  co; 
Meeting  the  dots  by  a  line,  eventually  obtain  the  true  line  of 
separation  between  the  respective  rocks.     Where  strata  dip 
at  a  small  angle,  the  lines  of  separation  are  necessarily  cut 
into  by  the  various  falls  of  land,  anil  thus  stretch  out  in  dire 
tions  corresponding  to  the  difierences  of  levels.     Isolated  hil! 
horizontally  catching,  as  it  were,  llie  prolongation  of  any  given 
rock,  the  lines  of  separation  often  circle  round  such  hills.     In 
countries  \vhere  rocks,  inclinetl  at  a  small  angle,  rest  on  each 
other,  and  are  composed  of  substances  of  difll-rent  degrees 
liardm^ss,  tlie  harder  oftcJi  rise  in  escarpments  above  ihe  softer, 
and  thus  the  physical  features  of  tht  hills  correspond  with  ibi 
lines  separating  the  different  rocks.     This  atlijrds  great  fai 
lilies  in  the  construction  of  geological  maps;  but  at  the  sam^  _ 
time,  if  a  lault  occur  in  such  a  district,  the  separating  lines  are 
again  difficult  to  trace,  and  are  frequently  very  com|)licated. 

To  ex}>ress  the  direction  of  tlie  dip  uti  arrow  is  generally 
employed,  the  arrow  pointing  to  ihe  iJirection 
of  the  dip:  tlius  the  arrow  a  (Fig.  \'2.{.\  points      *''g-  ^21. 
to  the  south,  supposing  the  bottom  of  the  page      '^      t     _ 
to  be   south.      The  amount   of  the    angle   al      \       \ 
which   a   rock   may  dip,   is  shown,   either   by      \      Si>    -f. 
writing  such  amount  on  one  side  of  the  arrow,      d      e       f 
or  by  drawing  a  line  at  right  angles  to  the  ar- 
row, and  wrtiiuff  the  same  nmounl  above  such  line.     I  hovi 
employed  otiier  signs,  wfiicli  1  luivt  found  usetui  when  reco 
sidering  a  country  that  I  have  examined.     Thus,  the  arrow 
(Fiif.  1'2I.)  shows  that,  thoujrh  the  strata  undulate  in  the  small 
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scale,  ihey  dip  in  the  mass  to  a  given  point.    The  sign  c  showi 
thai  the  strata  are  perpendicular,  the  longeiit  line  exhibit 
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tlieir  direction  or  strike.  An  anticlinal  line  is  shuwn  by  d^ 
the  lun^liiie  being  the  directtun  of  llie  anlicliniai  line,  and  the 
urrow-heads  pointing  to  the  dip  on  eV.her  side,  e  represents 
greatly  contorted  strata,  or  when  the  confusion  prevails  to 
such  an  extent,  that  they  are  twisted  in  ail  directions.  Hori- 
zontal strata  are  shown  by  the  cross  yj  ibrmed  of  two  lines  of 
equal  length. 

Various  instruments  have  been  constructed  to  take  the  an- 
gle of  dip  with  accuracy,  but  in  practice  lliey  are  found  to  be 
of  little  value.  If  strata  were  really  arranj^ed  in  })arallel 
planes  to  any  considerable  distances,  and  were  of  equal  thick- 
ness throu«j;hout,  these  instruments  might  be  ust-ful  j  but  strata 
are  rarely  of  an  equal  thickntss  beyond  short  distances,  and  a 
dip  seldom  contimies  long  at  the  same  angle.  The  student 
having  deterniint^LJ  the  direction  of  the  dip,  must  estimate  its 
amount  bv  averaging  the  various  angles  of  dip  aruuud  hiiu. 
This  certainly  requires  much  caution,  and  can  only  be  ac- 
quired by  practice;  but,  ftntunalelv,  extreme  accuracy  in  this 
point  is  only  required  in  those  rare  cases,  where  an  error  of 
2°  or  3"  woulil  be  important. 

The  value  ol  exact  geological  maps  is  daily  becoming  more 
apparent,  and  it  is  by  no  means  difficult  to  Ibresee  that  many 
geological  problems  will  eventually  be  solved  by  their  accu- 
mulation. Already  a  great  change  has  been  eftected  in  this 
department,  but  much  more  remains  lobe  accomplished;  and 
it  is  exceedingly  desirable  that  even  general  lines  in  sketches 
should  not  be  hastily  run.  The  best  geological  maps  whict^, 
liave  been,  or  will  soon  be,  published,  are  Greenough's  Geo-^' 
logical  ?ilap  of"  Englaml  and  Wales,  second  edition;  Elie  de 
Beaumont  and  Dufrciioy's  FraJice;  HolFinan's  North- Western 
Germany ;  and  Oeynhausen,  La  Roche,  and  Von  Dechen's 
Rhine.  Smaller  maps  of  greater  or  less  interest  are  suffi- 
ciently common,  and  will  be  found  in  various  scientific  works, 
more  particularly  in  the  Transactions  of  the  Geological  So- 
ciety of  London . 

A  geological  section  represents  a  vertical  cut,  at  right 
angles  to  the  surface  of  a  country,  towards  die  interior  of 
the  earth.  Natural  sections  are  afforded  by  cliffs  either  in- 
land, on  the  shores  of  the  sea,  or  on  the  banks  of  rivers. 
If  these  be  perpendicular,  a  true  representation  of  the  mode 
in  which  the  rocks  composing  them  rest  ujion  each  other, 
is  a  geological  section,  (as  fiir  as  the  particular  {lirection 
is  concerned,)  derived  from  direct  evidence.  It  must,  how- 
ever, be  always  understood  that  the  lines  ilrawn  solely  repre- 
sent the  contact  of  the  resjjective  rocks,  their  mode  of  strutiB- 
cation,  if  tliey  be  stratified,  or  other  circumstances  strictly 
geological,   to  the  exclusion  of  perspective  or  picturesque 
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drawing.     Exact  representations  of  deep  canal  or  road  ex- 

cavutions,  the  sides  of  tunnels,  mines,  and   tiie   like,  also  nf^ 
ford  geological  sections  derived  from  direct  evidence,     Tl>e 
greater  part  of  published  geological  sections  are,  however,  so 
far  ideal,  that  they  are  formed  by  the  prolongation  of  lines 
observed  on  the  surface  of  a  country,  and  considered  from 
analogy  to  be  continued  under  ground  in  given  directions. 
To  construct  these  last  requires  far  more  care  than  is  usually 
taken.     Too  much  stress  cannot  be  laid  on  the  importance  of 
rendering  them  as  conformable  to  nature  as  circumstance*  will 
admit ;  that  is,   the  peqiendicutar  elevations  and   base  lines 
should  be  as  much  as  possible  on  the  same  scale.     Without 
tfiis  necessary  precaution  such  sections  are  little  better  than 
caricatures  of  nature,  and  are  frequently  much  more  mischie- 
vous than  useful,  even  leading  those  who  make  them  to  erro- 
neous conclusions,  from  the  distortion  and  false  proportions 
of  the  vorious  parts;  gentle  sloping  valley's  being  converted 
into  deep  rai'ines,  mo(!erate  mountains  into  enormous  eleva- 
tions, while  the  possibility  of  cori^jecturing  the  kind  of  surface 
upon  which  any  particular  deposit  was  thrown  down,  and  the 
relative  importance  of  the  deposit  itself,  is  entirely  destroyed. 
It  will  at  once  be  admitted  that  the  proportional  thickness  of 
a  deposit  is  sometimes  so  trifling  when  compared  to  its  length, 
that  it  could  not  be  conveniently  represented  on  paper;  but 
as  the  relative  importance  of  such  a  dej>osit  is  precisely  one  of 
the  circumstances  that  should  be  exhibited  in  a  section,  it  will 
be  obvious  that,  though  it  may  be  necessary  to  quit  exact  pro- 
portion, the  section  should  be  kept  as  nearly  to  it  as  possible- 
The  cases,  however,  in  which  exact,  or  nearly  exact,  propor- 
tion can  be  kept  arc  sufficiently  numerous ;  and,  unless  it  be 
desirable  to  convey  false  impressions,  it  is  clearly  in  the  inter- 
est of  science  that  geological  s.ections  should  be,  what  they 
pretend  to  be,  miniature  repi'esentations  of  nature*. 

Let  us  suppose  a  student  desirous  of  making  a  geological 
section  of  a  district  which  he  has  examined.  He  must  first 
determine  the  direction  in  which  the  section  should  be  made. 
This  will  necessarily  depend  upon  a  great  variety  of  circum- 
stances which  no  general  rule  can  meet;  but  the  direction 
should  always  be  such  as  will  give  most  correctly  the  various 
phenomena  observed.  When,  indeed,  a  series  of  rocks  has 
the  same,  or  nearly  the  same,  strike  or  direction,  sections 
should  be  preferred  which  cut  such  strike  or  direction  at  right 
angles.  The  line  of  section  being  settled,  he  has  next  to  de- 
termine the  scale  on  which  the  section  itself  should  be  con- 
structed.    If  the  section  be  intended  to  accompany  a  geologi- 

•  For  llii' (liliercnccs  between  coru'ct  and  curicatme  iieclion>,wc  Sections 
and  Views  illiuilrulive  of  tieological  I'hituomcna,  pi.  2. 
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cal  map,  it  is  desirable  that  the  scale  should  bear  some  con- 
vfiiient  proportion  to  the  map,  in  order  tlint  both  maybe  more 
remdil}'  understood.  A  base  line  should  now  be  drawn  repre- 
senting some  given  tevt-l.  The  sea  level  is  most  frequently 
tnken  as  a  base  line,  because  heights  are  most  commonly 
measured  above  it.  The  undulalions  of  the  country  above 
this  level  have  next  to  be  sketched  in.  This  is  readily  accom- 
plished by  erecting  perjiendiculars  of  different  lengths  upon 
the  base  line,  corresponding  in  their  proporlious  and  distances 
from  each  other  with  the  scale  adopted  both  for  heights  and 
distances,  it  being  assumed  that  the  section  is  to  be  strictly 
proportional.     Let  a  6  (Fig.  122.} be  the  base  line,  then  upon 

Fig.  122. 
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it  erect  the  perpendiculars,  cd^  ef^  gh^  ik^  Im,  and  no,  cor- 
responding, at  the  proper  distances*  with  the  relative  heights 
of  the  land  at  those  points.  With  these  lines  as  guides  for 
heights,  let  the  student  draw  the  line  which  expresses  the  ge- 
neral oudine  of  the  land  with  its  various  rises  and  falls.  This 
portion  of  the  section  being  accomplished,  he  must  proceed  to 
murk  the  lines  which  separate  the  rocks,  their  dips,  &c.  We 
will  suppose  that  some  height  up  the  cliff  c,  one  rock  rests 
upon  another  conformably,  and  that  the  dip  is  inland  and  cor- 
rectly ascertained.  At  the  proper  priiportional  height,  such 
as  JO,  the  line  K/'is  to  be  drawn,  so  that  the  angle  p/a  should 
correspond  with  the  angle  of  dip  in  the  proper  direction.  W^e 
will  now  assume  that  upon  the  hill  /,  the  contact  of  the  same 
rocks  is  again  seen,  but  that  the  tli[i  is  in  the  reverse  direction 
of  that  formerly  observed:  in  this  case  the  student  must  pro- 
ceed as  before,  so  far  as  regards  the  angle,  making  the  angle 
rhb  correspond  with  the  observed  dip.  When  a  section  of 
stratified  rocks  is  given,  it  is  usual  to  mark  the  lines  of  strati- 
fication on  them,  if  the  scale  adojjted  be  not  too  small,  as  the 
conformability  or  unconformability  oi"  rocks  in  contact  with 
each  other  is  thus  clearly  shown.  At  the  hill  n  a  horiiioutal  rock 
is  representefl  as  reposing  unconfoinmbly  on  a  rock  beneath,  it 
being  assumed  that  the  student  has  observed  facts  which  lead 
to  this  conclusion,  and  that  the  relativt  height  at  which  the 
contact  has  been  observed,  has  been  fairly  estimateil  and  re- 
presenled  in  the  section.  It  will  be  obvious  tliat  the  value  of 
such  lines  will  only  depend  upon  their  accurately  representing 
the  proper  amount  of  dip  of  the  strata  composing  each  rock 
xespectively. 
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Geological  sections  are  usually  coloured,  so  that  each  rock 
having  a  given  tint  tht-ir  differences  are  easily  seen.  In  those 
which  are  not  coloured,  it  is  not  uncommon  to  give  each  different 
rock  some  particiiliir  shading  in  order  to  distinguish  iL  Lines, 
however,  wliicli  interlere  witii  lines  of  stratification  should  be 
avoided,  and  therefore  dots  and  small  hatches  are  preferable. 
The  rock  u  (Fig.  12'2.)  is  marked  in  a  manner  to  show  that  it 
is  not  stratified:  in  this  case  it  is  merely  represented  as  up- 
raising the  rocks  to  the  right  and  left  without  cutting  their 
lines  of  stratilicaticni ;  hut  as  un^trntified  rocks  often  do  cut 
stratified  rocks,  care  must  be  taken  to  represent  such  cases 
when  they  occur,  continuing  to  mark  hypolhetically  down- 
wards the  course  which  the  student  may  consider  to  be  the 
true  mode  of  intrusion  of  the  unstrnlified  rocks.  In  these 
and  other  cases  of  difficulty  it  is  advisable  to  dot  the  supposed 
lines  of  separation,  in  order  to  express  uncertainty  on  the  sub- 
ject 

To  discuss  the  subject  of  geological  maps  and  ■sections  at 
length,  and  to  point  out  the  various  objects  of  geological  in- 
terest wliich  may  be  observed  in  various  countries,  would  far 
exceed  our  limits;  but  it  is  hoped  that  tlie  foregoing  hints  may 
be  found  useful  to  the  student  when  engaged  in  the  exaniina- 
tion  ol  a  country,  and  assist  hira  in  the  construction  of  geolo- 
gical maps  and  sections. 

C.  Dr,  Dattbeni/s  Views  respecling  the  Origin  of  Thermal 

Springs, 

Dr.  Daubeny  considers  that  thermal  springs  will,  in  most 
cases  at  least,  be  found  to  occur  in  one  of  three  positions;  viz. 
either  in  the  vicinity  of  activ^e  or  extinct  volcanos ;  or,  *2ndly,  in 
that  of  some  uplifted  chain  of  mountains;  or,  3rdly,  in  some 
spot  which  affords  either  in  its  own  as|)ect,  or  in  that  of  the 
surrounding  countr}',  traces  of  having  been  affected  by  certain 
physical  convulsions. 

Of  the  first  class  abundant  evidence  has  already  been  ad- 
duced ;  the  second  mentioned  may  bo  illustrated  in  most  ex- 
tensive ranges  of  mountains,  and  in  none  better  than  by  that 
of  the  Pyrenees,  which  presents  a  succession  of  hot  springs  on 
its  northern  declivity,  corresponding  nearly  with  the  direction 
from  west  to  east,  in  which  the  chain  itself  extends.  Thus, 
in  the  Department  des  Lande.s,  we  have  the  springs  of  Dox, 
the  hottest  of  which  has  a  temperature  of  1+0'  F. — Dep.  des 
Gers,  Barbotau,  temp.  lOt^  F. — Dep.  des  Basses  Pyrenees, 
Cambo,  temp.  6S° ;  Eaux  Bonnes,  92° ;  Eaux  Chaudes,  temp. 
100^. — Dep.  des  Hautes  Pyrenees,  Caulerets,  temp.  14-4-°;  St. 
Sauveur,  95*^;  Bareges,  11*2°;  Bagneres  de  Bigorre,  160". — 
Dep.  de  Haute  Garonne,  Encausse,  temp.  80^;  Bagneres  de 
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Luchon,  149". — Dep.  (le  TArriepe,  Ussat,  nenrTarascon,  100^; 
Ax,  15&'. — Deji.  des  Pyreiu-es  Oiieiitales,  Olette,  190°;  Aries, 
160";  Thiiez,  ITO. — Dep.  de  I'AiHle,  Rtiiries,  111  ;  Alette, 
81'^;  Canipagiie,  80°;  St.  Paul  de  Fenouilhedes,  near  Cau- 
dles, b'/";  &c.  &c. 

Dr.  Daubeny  ha*;  endeavoured  to  show,  that  these  springs 
are  for  ihe  most  [)art  situated,  either  near  the  line  at  which 
the  elevation  of  the  moinitains  appears  to  have  commenced,  or 
el^e  near  the  central  axis  of  the  chain.  The  former  is  consi- 
dered to  be  exemplified  by  the  position  of  Bagneresde  Uigorre, 
Dax,  Oleron,  Capveni,  and  Encausse;  the  latter  by  that  of 
Barege,  Caulerets,  and  Sl  Sauveiir,  which  are  situated  in  the 
heart  of  the  mountains. 

In  other  cases,  as  in  the  instances  of  Alette,  Rennes,  and 
Campagne,  a  change  of  dip  is  ohserved  in  the  rocks  near  the 
place  whence  the  spring  issues;  and  in  others,  as  at  St.  Paul, 
near  Gaudies,  the  thermal  water  occurs  in  a  cleft  separating 
an  elsewhere  continuous  fine  of  hills,  where  the  occurrence  of 
a  fault  in  the  strata  affords  an  additional  presumption  of  some 
violent  action  having  taken  place. 

Dr.  Daubeny  remarks,  that  many  hot  springs  which  occur 
apart,  both  from  volcanos,  and  from  any  leading  system  of  ele- 
vations, are  nevertheless  situated  in  spots  wliich  exhibit  proofs 
of  violent  convulsions  in  their  vicinity.  Von  HofF  has  supplied 
us  with  an  instance  of  this  kind  in  his  account  of  the  hot  springs 
of  Carlsbad  in  Bohemia.  These  waters  gush  out  from  a  valley, 
which  lies  at  right  angles  to  aU  those  in  its  vicinity, — which  is 
evidently  more  abrupt  than  they  arc, — and  which  exhibits  other 
marks  of  having  been  acted  on  by  violence.  Dr.  Daubeny 
shows,  that  many  hot  springs  in  Switzerland,  such  as  those  of 
Pfeffers,  Weissenburg,  and  Loueche,  are  j)lacecl  in  spots  which 
afford  similar  imlications.  He  also  points  out  the  coritlgtiity 
of  the  thermal  waters  of  Clifton  (Bristol),  Matlock,  Buxton, 
and  Bath  to  derangement  of  strata,  and  infers,  that  in  tlie  great 
majority  of  instances  the  origin  of  thermal  waters  may  be  traced 
to  volcanic  processes,  which  are  either  now  proceeding,  or  have 
fc>rmerly  taken  place.  He  considers  this  inlerence  as  con- 
firmed by  examining  the  gaseous  pri}d()cts  of  thermal  waters, 
which  seem  for  the  most  part  identical  with  those  given  off  by 
volcanos;  remarking,  that  many  of  these  hot  springs  contain 
sulphuretted  hydrogen,  a  comnion  volcanic  product,  especially 
in  cases  where  the  action  is  languid. 

Carbonic  acid,  also  emitted  from  volcanos,  is  noticed  still 
more  commonly  as  being  evolved  from  hot  springs ;  and  Dr. 
Daubeny  is  inclined  to  attribute,  in  some  cases,  the  evolution 
of  this  gas  from  crevices  in  rocks,  and  from  springs  possessing 
only  an  ordinary  temperature,  to  volcanic  processes.     This 
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appears  to  hijTi  probable  from  the  more  frequent  occurrence 
of  this  phaenonietioi),  in  the  vicinity  of  volcanos,  either  active 
or  extinct,  or  in  the  midst  of  rocks  which  appear  to  have  been 
uphfteil>  as  in  valleys  of  elevation.  lie  further  observes,  lliat 
thermal  carbonated  and  cold  caibonaletl  springs  are  commonly 
associated,  and  therefore  probably  derive  their  carbonic  acid 
from  the  smne  cause. 

Lastly,  Dr.  Daubcny  points  out,  that  nitrogen,  a  gas  very 
generally  given  off  from  warm  springs,  may  be  ijjferred  also  to 
be  a  volcanic  product  from  the  amnxoniacal  salts  so  copiously 
emitted  by  many  volcanos.  Nitrogen  lias  been  detected,  by 
Longchanip  in  almost  all  the  ihernml  waters  of  the  Pyrenees, 
by  Dr.  Ure  at  Loneche  in  Switzerland,  and  by  Dr.  Daubeny 
in  many  of  the  thermal  waters  of  Savoy  and  France.  In  our 
own  country  it  has  long  been  known  to  occur  in  the  waters  of 
Bath  and  Buxton;  anil  Dr.  Daubeny  has  lately  detected  it  at 
Bakewell  and  Mitldleton  in  Derbyshire,  and  at  Taafe's  Well, 
near  CardilF,  South  Wales,  Tliis  evolution  of  nitrogen  being 
therefore  one  of  the  most  general  phffiuoraena  of  volcanic  action 
in  all  its  various  degrees  of  intensity,  and  being  in  his  opinion 
not  attributable,  all  the  circumstances  considered,  to  any  other 
source  except  tlie  disengagement  of  atmospheric  air  deprived 
of  its  oxygen  by  some  process  of  eombustion,  Dr.  Daubeny  is 
thence  led  lo  adopt  the  theory  which  attributes  volcanic  action 
to  a  process  of  oxidation,  in  preference  to  that  which  refers  it 
merely  to  the  contraction  of  the  crust  of  the  earth  upon  an  La- 
ternal  fluid  nucleus. 

He  proceeds  to  remark,  that  if  this  mode  of  accounting  for 
the  nitrogen  be  admitted,  the  next  inquiry  will  be,  what  are 
the  materials  which  by  their  oxitlation  produce  the  effect  al- 
luded to?  Here  it  appears  to  him  most  natural  to  search  for 
then),  in  the  first  instance,  amongst  those  bodies  which  actually 
exist  in  the  lavas  and  other  substances  usually  ejected  by  vol- 
canos. It  is  observable,  that  the  bases  of  all  of  these  are  ca- 
pable, either  at  ordinary  or  at  Iiigh  temperatures,  of  combining 
with  oxygen,  forming  with  it  some  fixed  product,  whilst  those 
of  several  even  decom|iose  water  under  the  same  circum- 
stances, and  by  their  union  with  its  oxygen  give  rise  to  a 
sufficient  evolution  of  heat  to  cause  the  combustion  of  such 
other  inflammable  bodies  as  may  be  present.  If  the  above 
existed  in  the  interior  of  the  globe  in  their  unaltered  condition, 
they  might,  by  combining  with  oxygen,  cauae  that  evolution  of 
nitrogen  which  has  been  su  commonly  observed. 

Dr.  Daubeny  therefore  contends,  that  the  hypothesis  origi- 
nally suggested,  in  consequence  of  .Sir  H.  Davy's  discovery  of 
the  mctuilic  bases  of  the  earths  and  alkalies,  is  adequate  to 
explain  all  the  pha^nomena  connected  with  volcanic  action 
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whicli  up  to  ihis  time  have  been  discoverei!.  It  is  only  neces- 
sary to  assume,  llmt  water,  and  aflerwards  air,  find  occasional 
admissiion  to  certain  parts  of  the  interior  of  the  globe,  con- 
taining ihe  bases  of  silica,  alumina,  lime,  potass,  and  sodo,  to- 
gether with  some  of  the  metals  met  with  on  the  surface,  in  such 
proportions  as  are  indicated  by  tlie  actual  composition  of  lavas*. 

»D.  On  the  Upper  Portion  of  the  Grauxaac/ce  Group  t'ti  Shrop- 
shire, HtTcfordshire,  and  JVales, 

Very  important  additions  to  our  knowledge  of  the  upper 
part  of  the  grauwacke  group,  more  particularly  as  it  exists  in 
Shropshire,  Herefordshire,  and  Wales,  have  lately  been  made 
by  Mr.  Murchison.  This  author  divides  the  upper  part  of  the 
grauwacke  of  that  district  into  six  portions,  or  sub-groups, 
to  which  he  has  assigned  the  names  of  (1.)  Upper  Ludlow 
Rock;  (2.)  Wenlock  Limestone;  (3.)  Lower  Ludlow  Rock; 
(-t.)  Shelly  Sandstones;  (5.)  Black  Trilobite  Flagstone;  and 
(6.)  Red  Conglomerate,  Sandstone,  and  SLaty  Schist- 

The  Upper  Ludlow  Rock,  equivalent  to  the  grauwacke  sand- 
stone of  Tortworth,  Gloucestershire,  is  so  named  because  the 
Castle  of  Ludlow  stands  upon  it.  This  sub-group  is  described 
as  having  a  maximum  thickness  of  1000  feet,  and  as  being 
principally  composed  of  ihin-bedded  sandstone,  often  highly 
calcareous.  The  upper  beds  are  characterized  by  two  species 
of  Strophomena  or  Lepttcna,  an  Orbicula,  a  plicated  Tere- 
bratula,  &c.,  all  of  un  described  species.  The  lower  beds 
contain  the  abundant  remains  of  a  small  Terebratula  having 
a  gryphoid  form.  Trilobites  of  the  genera  Homonolotiis  and 
Calymene'  are  also  found.  Tlie  upper  Ludlow  rock  passes 
upwards  into  old  red  sandstone. 

The  IVeidock  limestone  is  considered  the  equivalent  of  the 
Dudley  limestone,  and  thus  tiie  true  relative  geological  place 
of  the  latter,  so  long  celebrated  for  its  organic  contents,  is 
determined.  Mr.  Murchison  remarks  that  in  the  course  of 
this  limestone  between  the  rivers  Oney  and  Lug,  it  is  chietly 
characterized  by  one  species  of  Pentamcrus. 

The  Lo-mer  Ludlow  Rockf  also  known  as  the  '  Die  Earth,' 
is  principally  composed  of  incoherent,  grayish,  argillaceous 
schist,  seldom  micaceous.  The  higher  beds  contain  Ortho- 
ceratites,  Lituites,  Asaphus  caudatus,  ^r.  A  thin  calcareous 
zone  occurs  at  the  base  of  this  sub-group  in  Shropshire,  con- 
taining Pentamerus  larvis,  as  also  another  species  of  the  same 
genus.     Thickness,  upwards  of  2000  leet. 

The  Shelly  Sandstones  are  of  variegated  colours,   red  aud 

•  For  the  detail  of  this  theor)-,  consult  Dr.  Daubeny's  Description  of  Vol- 
canos,  London,  1826,  p.  Aii9,  &e. ;  and  for  the  aame  author's  Remarks  on 
Thermal  Springs,  an  uiticle  in  the  London  Review,  No.  2,  1829,  on  Mineral 
Springs,  and  a  memoir  in  the  New  Edinburgh  Phil.  Journal,  1831. 
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green  pretlominating.  Calcareous  bands,  almost  made  up  of 
FrcKluctaf,  LeplBuua,  Spirit'eri,  and  crinoidal  remains,  dilTering 
from  those  in  the  iipjier  sulvgroups,  are  associated  with  the 
sandy  beds.     Thickness,  from  1500  to  ISOO  feet. 

Tne  Black  Trilobite  Flagstone  contains  the  remains  of  the 
Asaphus  Buchiiy  and  it  is  remarked  that  this  and  the  associated 
trilobileii  are  not  found  in  the  upper  suli-groups.  Thickness 
supposed  to  exceed  that  of  any  one  of  the  superior  sul>-gToups. 

The  Red  Conglomerates^  Sandstones,  and  Slaty  Schist  con- 
stitute a  deposit  several  thousand  feet  thick,  in  which  organic 
remains  have  not  been  observed. 

Mr.  Murchison  remarks  that  the  Wenlock  limestone  thins 
out  a  short  distance  to  the  S.W.  of  Aymestrey,  and  that  then 
the  Upper  and  Lower  Ludlow  rocks  come  into  contact,  and 
generally  occupy  the  same  lofty  escarpment  in  their  course 
through  South  Wales*. 

E.  Intensity  of  Terrestrial  Magnetism  in  Mines. 
Mr.  Henwood  has  been  recently  engagetl  in  investigating 
the  intensity  of  terrestrial  magnetism  at  various  depths  and 
elevations  in  Cornwall.  His  experiments  were  made  in  vacuo, 
with  the  apparatus  contrived  for  that  purpose  by  Mr.  Harrisf, 
and  seem  to  have  been  conducted  with  much  care.  The  sta- 
tions were  Cam  Brca  Castle,  near  Redruth,  a  granitic  ridges 
760  teet  above  the  sea;  the  surface  of  Dolcoath  Mine,  on  slate, 
300  feet  above  the  sea;  and  at  1200  feet  in  the  same  mine  (or 
900  feet  beneath  the  level  of  the  sea).  At  each  of  these  stations 
be  has  made  two  sets  of  horary  observations,  continued  at  each 
place  24  hours  each  time.  The  results  of  these  experiments 
indicate  no  appreciable  difference  in  the  intensity  of  terrestrial 
magnetism  at  each  of  these  stations. 

F.   Tables  for  calculating  Heights  by  the  Barometer. 

The  following  Tables  are  those  of  M.  Oltmanns,  which  are 
generally  admitted  as  among  the  most  convenient  hitherto  pub- 
lished. Being  calculated  for  the  metrical  barometer,  they  were 
useless  to  persons  employing  that  graduated  according  to  En- 
glish inches  and  their  decimal  parts.  To  render  them  appli- 
cable to  our  barometers,  a  table  (A)  has  been  prefixed,  in  which 
the  equivalent  of  every  millimetre  of  the  metrical  barometer  is 
given  in  English  inches  and  the  thousandth  parts  of  inches. 

To  reduce  the  metres  used  in  these  tables  into  English  feet, 
a  table  (E)  is  appended,  where  the  number  of  English  feet 
corresponding  to  any  number  of  metres  up  to  10,000  will  be 
immediately  obtained. 

Abstraction  being  made  of  table  A  prefixed,  and  table  £ 
appended,  the  march  of  operations  is  as  follows: 

•  Proceedings  of  the  Geol.  Soc.,  April  17,  18.13. 
t  Trans,  of  the  British  Association,  vol.  i.  p.  55&. 
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Let  A  be  the  height  of  tlie  barometer  at  the  lower  sfallon 
'expressed  in  millimetres;  h'  that  tif  the  higher  station;  T  and 
T'  the  teaiperature  of  the  barometer  at  the  different  stations 
according  to  the  centigrade  thermometer;  t  and  t'  that  of  the 
air. 

We  search  in  table  B  for  the  number  which  corresponds 

to  A;  let  us  call  it  a:  we  likewise  search  in  iIil*  same  table  tor 

that  which  corresponds  to  h'l  let  this  be  named  b:  let  us  call 

^£^the  generally  very  small  number  which,  in  table  C,  faces 

■T— X;  the  approximate  height  will  he  a—b—c.     (IfT— 17 

is  negative,  it  sliould  be  written  a  —  b  +  c.)     In  order  to  apply 

the  correction  necessary  for  the  strata  of  air,  it  will  suffice  to 

multiply  the  thousandth  part  of  the  approximate  height  by 

the  double  sum  2  (/  +  /')  ol'  the  detached  thermometers;  the 

^■Correction  will  be  eitlier  positive  or  negative,  according  as 

^fc-f^  is  itself  either  positive  or  negative. 

^P     The  second  and  last  correction,  that  for  the  latitude  and  the 
"diminution  of  weight,   is  obtained  by  taking,   in  table  D,   the 
number  which  corresponds  vertically  to  the  latitude,  and  ho- 
rizontally to  the  approximate  height :  this  correction,   which 
can  never  exceed  2&  metres,  is  always  adtled- 

In  order  to  understand  the  calculalion  of  a  lietght  by  means 
of  these  tables,  and  those  prefixed  and  appended,  let  us  suppose 
that  in  latitude  =  ^^:°  we  had,  at  the  level  of  the  sea,  the  ba- 
rometer :=  30*0+0  English  inches,  temperature  of  the  instru- 
ment =  22°'5  centigrade,  and  of  the  air  —  22"^.  At  the  top 
•of  a  mountain,  the  barometer  =  2G"575  English  inches,  tem- 
perature of  the  instrument  =  17^"5,  and  of  the  air  =  l?"^- 

In  order  to  obtain  the  ctpitvalents  of  the  English  inches  in 
millimetres,  search  in  table  A;  where  the  number  of  njilli- 
nielres  corresponding  lo  30'040  inches  observed  at  the  sea  will 
beTfi^)  iuid  tliator2(j'575  observed  on  the  mountain  will  be  675. 
Having  obtaitied  these  equivalents,  the  calculation  proceeds  : 

Mtlt.         Metri's. 
Barometer  at  ftcR  level    ...     .     ,     .     .  :=  IGA  ^  0182-0^    T  11    R 
Barometer  on  the  mountain =:  (u5  =.  520G-1  / 

JJ7.5-9 
Diff.  of  attached  ihermome tors     ....,  =  5°  =       7-4      Table  C, 

Apparent  hflght 968'5 

Double  the  sum  of  the  detached  thcimonietcrs  mul- 1        _.  ,, 
tiplied  by  tlif  thousandth  part  of  9GS-5   .     .     .     .    /       '"*'' 

1044- 
Correction  for  latitude 3-1      Table  D. 

Height  of  the  mountain 1017] 

[Height  in  English  feet 'dV-ib      Tabic  E. 

'J  R  2 


■ 

^^^tppttiJix. 

} 

^H              When  the  height. 

)f  the  barometer,  {rru 

duated  nccordinij  m     1 

Engl  is 

h  indies  an(i  their  parts,  does  not  precisely  correspond     1 
certain  number  of  niillinielres,  and  when  creat  accuracy     1 

■> 
with  a 

^B          is  requlrei 

,  it  will  bt 

:  obvious, 

that  instead  of  taking  the  next     1 

^H         nearest  number  to  it  in  the  tubh 

^s,  as  might  otherwise  be  done,     | 

^H         it  will  be  nece>ssary  to  calculate 

the  difference. 

Table  A. 

Inches,!  Mil.  { 

Inches.!  Mil  i| 

Inches. 

Mil. 

lDch«?s. 

Mil. 

Indi(>!<.|MiI.j 

locbes. 

^UL 

H          U-56  {370  16'142|410! 

17'717 

450 

1 9*292 

490 

20-866530 

22-441 

570 

•606  371 

•18!  411 

•756 

451, 

•331 

491 

•901531 

•481 

571 

•646  372 

•221412, 

-795 

452 

•370 

492 

•945532| 

•520 

572 

•6h5 

373 

-260  413 

•835 

453 

•410 

493 

•984  533 

•559 

57.1 

•726 

374 

-299  414' 

•874 

454 

•449 

494' 

21-025  534 

•599 

574 

•764 

375 

-339  415 

•914 

455 

•488 

495, 

-063 

535 

•638 

575 

•803 

376 

•378  416 

•953l456 

■528 

496; 

•102 

536 

•678 

576 

•843 

377 

•4174171 

•992457 

•567 

497' 

-142 

537 

•717 

577 

•882 

378 

■457418 

18-032  458 

•607 

498 

•181 

5381 

•756 

578 

•921 

379 

•496419 

•071459 

•646 

499' 

•220 

539' 

•796 

579 

•961 

380' 

•536i420; 

•1 10460 

-685J500' 

•260  540' 

•835 

580 

15-000 

381 

•575  421J 

•150'46l 

-725  501' 

-300  541 

•874 

581 

•040 

382 

•614422 

•189462, 

•764  602; 

•339  542i 

•914 

582 

•079 

383 

•654  423 

•229463! 

•803  503! 

•378 

543 

•953 

583 

•118 

384! 

•693  424 

•268464 

•843  504 

•418 

544 

•99S2 

584 

•156 

385 

•7331425 

■307  465 

•882  505 

•457 

545; 

23032 

585 

•197 

386 

•772 

426 

•347  466| 

-922  506, 

•496546 

•0:1 

586 

•236 

387 

•Bll 

427 

•386467 

•961507 

-5361547 

•111 

587 

•376 

388 

•851 

428 

•425  468 

20-000|508 

•575i548 

•150 

58S 

•315 

389 

-8904291 

•465  469 

•040509 

-615!549 

•189 

589 

•355 

390 

•929430 

•504470 

•079,610 

•654I550 

•229 

590 

•394 

391 

•969,431 

•543471' 

•118'511 

■693'551 

♦268 

591 

•433 

392 

17*008432 

•5834721 

•158 

512 

•733I552 

•307 

59'i 

•473 

393 

-047|433 

•622473 

■197 

513 

•772I5531 

•347 

593 

•512 

394 

-087434-1 

•662'474 

•237 

514 

•812 

554 

•3865941 

•551 

395 

-126  435 

•701,475 

•276 

515 

•851 

555 

•42615951 

•591 

396 

•166  436 

•7404761 

•316 

516 

•890 

556 

•465 

596 

•630 

397 

-205  437, 

•780{477i 

•355 

517 

■929 

557 

•504  597 

^H 

•670 

398 

•244  438' 

■819478 

•394 

518 

•969 

558 

•544  598 

^H 

•709 

399 

•284  439 

•859479 

•433 

519 

22^008 

559 

•5831599 

^H 

•748 

400 

■323  440 

•898,480 

•4731520 

•048 

560 

•622  60U 

^H 

•788 

401 

•362  441 

•937  481 

•612'521 

•087 

561 

•66.2601 

•827 

402 

•402  442 

■    •977;482, 

•551 

522 

■126 

562 

•701  60J 

•866 

403 

•441443 

19016483' 

•590 

523 

•166 

563 

•741 

603 

•906 

404 

•481444 

•055  484 

•630 

524 

•205 

564 

.•780 

604 

•945 

405 

-520  445 

'095  485 

■670'525 

•244 

565 

•819 

605 

•9H5 

406 

•559  446 

•134486 

•709526 

•284 

566 

•859 

606 

16-024 

407 

-599:447 

•174'487 

•748  527 

•323567 

'SO>i 

607 

•063 

408 

•638448 

•213488 

•788'528 

•363,568, 

•937 

60M 

•102 

409, 

i 

•677  449 

•252  489 

1 

•827  529 

•402569 

•977 
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Tablk  a.  (continued.) 

■ 

Incheft.|Mil.|  Iiich<;fi.|Mil  i  Inclies.lMil. 

Inclu-s.  Mil.   Inches, JMiLl 

Indies.  Mil. 

^1 

24-Ol6j6lO, 

25'J97,640  26-378,670| 

27-560  700  28-741730 

29-922760 

^H 

W^5,bf\\ 

-237  641 

•4I8671I 

-600701       '780  731 

-961761 

^H 

^095  61  i; 

•276642, 

■457 

672 

•639702;     -819  732 
•678  703'      •859'733 

30-000  762 

^H 

■134613 

•315643 

•496 

673 

•040  763 

^H 

•174 

614 

•355  644 

•536 

674 

•718  704!     '898  7341 

•079  764 

^H 

•213 

615      -394|645| 

•575 

675 

•757  705;     ■937i735i 

•119  765 

^H 

•252 

616 

•433  646 

•615 

676 

•796  7061    -9771736 

•158  766 

^H 

•292 

617 

•473  647 

•654 

677 

•836  707  29-016,737 

•I97I767 

^H 

-33! 

618      ■512'648!' 

•693 

678 

•8757O8      -0561738' 

•237(768 

^H 

«7(»6l9il     •55lifi49i 

■733 

6791 

-915709      -0951739 

-276  769 

^1 

•410  620 

•590,650 

•772 

680| 

■954710 

•134740 

•316  770 

^H 

•449  6^1 

-6301651 

•Bll 

6811 

■993  711 

•174'74I 

•355771 

^H 

•489i6^'2 

•670  652 

•851 

682  28-032712 

-213742 

•394772 

^H 

•52rtIC23 

•709 

653 

■891 

683;     -071713 

-252I743 

•433  773 

^H 

•567  624 

•749 

65  4i 

•931 

684 

•111  714 

1     -291744 

•473'774 

^H 

•607 

626 

•788 

655] 

•970 

685 

•150715li     -3311745 

•5121775 

^H 

•646 

626 

•827 

656 

27-010 

686 

-189,716 

-371746, 

•552  776 

^H 

•6h5 

627 

•866 

G57 

•049 

687 

•229717 

•410 

747' 

•59lj777 

^H 

•725 

628 

'     '9061658' 

•089 

688 

•268 

718 

•449 

748 

-630j77H 

^H 

•764 

629 

-945659 

•128 

689 

•308 

719 

'     ^489 

749 

•670779 

^H 

•804 

630 

■985  6!)« 

•167 

690 

•347 

730 

•528 

750 

•709780 

^H 

•843 

631 

26-024661 

•206 

691 

•386 

721 

•567 

731 

•7497«l 

^H 

•882 

632 

•063662 

•246 

692 

•426 

722 

!    -607 

732 

•788782 

^H 

•922 

633 

•103'663 

•285 

693 

•465 

723 

i     •646 

753 

•827783 

^H 

•96] 

634 

•142  664 

•324 

694 

•504'724 

'     -686 

754 

-867 

784 

^1 

25'0WO{635 

•182  665 

•363 

695 

•544|725 

I     -725 

755 

•906 

785 

^H 

•040;636 

•22li666 

-403 

696 

•583i726 

•764 

7S6 

•945 

786 

^H 

•079|G37 

•260J6S7 

-442 

697 

•622'727 

,     '804 

757 

•985 

787 

^H 

•119;6;58 

•3001668 

•482 

698 

•662I728 

i     -843 

758 

.31'024  788 

^H 

•158639 

•339|669 

•521 

699 

-701  729 

-882 

759 

1     -064  789 

H 

Table  B- 

■ 

MilJ  Mctr.     Mil.'  Metr.     Mil. 

Metr.    'MilJ   Metr. 

.Mil.l  Mm. 

Mil.l  Meir, 

H 

370    418-5  384    714-3  398 

999-5  4121274-8 

4261540-8 

440  1798-4 

^H 

371    440-0  385    735-0 

399 

1019'5  4131294-1 

4271559-5 

441|18l6-5 

^H 

372    461-5,386   755-6 

400 

1039-4  !414  1313-3 

428  1578-2 

4421834-5 

^H 

373  ■  482-9' 387i  776*2 

401{1059'3  4151332-5 

4291596-8 

443'l852-5 

^H 

374    504-2;!388'  796-8 

402  1079-1  4161351-7 

4301615-3 

4441870-4 

^H 

375    525-4'l389   81 7-3 

403  1098-9  417' 1370'« 

4311633-8 

445!]H8S-3 

^H 

376   546-6 

390    837-8 

404  1118-6(418  I -"^89-9 

4331652-2 

4461 1906-2 

^H 

377   567-8 

391    858-2 

405  1138-3 1419  1408-9 

433  1670-6 

447  1924-0 

^H 

378    588-9  392   878-5 

406 

1157-9 

4201427-9 

434'i6h9-0 

448  1941-8 

^H 

379   609-9  393'  898-8 

407 

1177-5 

421  jl  446-8 

435  1707-3 

449  1959-6 

^H 

380    630-9  3941  919-0j408;il97-l 

4221465-7 

436l72.Vfi 

450' 1977-3 

^H 

381 1  651-8  395    939-2,409 

1216-6 

423,1484-6 

4371743-8 

451 '  1994-9 

^1 

382   672-7; 396   959-3UlO 

1236-0 

1424  l503-4'i438  1762-1 

452!2012'6 

^H 

383   693-5  397   979-4  411 

1             1                   1 

1255-4 

1425  l522-2ii439  1780-3 

1       1            i       1 

4531203O-2 

J 
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r                                                                    1 

Table  B.  {continued.)                                   1 

Mil. 

Mftr. 

Mil.    Melr.     Mil. 

IVItir. 

Mil. 

Meir. 

MiL     Mitr                         ;r. 

454 

■iU47-8 

5022848-1  550 

3575-3 

598 

4241-6 

646  4836- :              -7-2 

455 

'ia65'3 

503  3864-0  551 

35«9-8 

599 

4254-9 

647  486»-;                -'7 

4iJ6 

i082-8 

1504  2879-8  :'»52 

3604-2 

600 

4268-2 

648  4881-'                 "'l! 

457 

i2 100-2 

505'3895-6 

553 

3618-6; 

601 

4281-4 

64914893- 

45« 

i3n7-6 

'5063911-3 

554 

3633-0 

602 

4294-7 

650  4905-(      .     .  ..-11, 

459 

:i  135*0 

5072927-0 

555 

3647-4! 

603  4307-9 

651  49 17-f^  699  5484-31 

4Gu 

il52*3 

5082943-7 

556 

3661-7 

604  4321-1 

652,4930-0, 700,5495-7 

461 

2169-6 

5092958-4 

557 

3676-0| 

605 

4334-3 

6534942-2  701  5507-1 

46^ 

i,' 1 86-9 

510'2974-0 

558 

3C9O-3 

606 

4347-4 

65414954-4  7025518-4 

463 

3204-1 

51l[2989-6 

559 

3704-6' 

607 

4360-5 

655I4966-6  i703;55e9'^ 
656|4978-7''7045541-r 

464 

3331-3 

513  3005-3 

560 

371S-8 

608  4373-7 

^^V 

465 

3338-4 

513  3030-7 

561 

3733-0 

609  4386*7 

657  4990-9l!705  5652-+ 

^^P 

466 

3255-5 

5]4'3036-3 

562 

3747*2 

610 

4399-8 

658!5003-U 

706J5563-7 

^H 

46/ 

3272-6 

515'3051-7 

563 

3761-3 

611 

441 2-8 

6595015-1 

7075575-0: 

46s 

i'im'fi 

5l6  3tl67-3 

564 

3775-i 

612 

4425-9 

660,5037-i' 

7085586-2 

469>306-fi 

517  30S3-6 

565 

3789-5 

613 

4438-9 

66  l|50.W^' 7095597-5, 

47«i3'23-6 

5183097-9 

566I3803-6 

614 

4451-9 

663  5051-                "W' 

471 

3340-5 

519  3113-3 

567[3817-7 

615 

4464-S 

663  5063-.                 l)-9 

47t' 

3357-4 

520  3138-6 

568 

3831-7 

6l6|4477-7 

664  5075-3[  713  5631-1 

473 

3374-2 

52l'3143-9 

569 

3845-7 

617' 

4490-7 

6655087-2 

713  5642^3 

474 

3391-1 

.522|3 159-3 

570 

3859-7 

618 

4503-6 

6665099-!2 

1714  5653-4 

475 

3407-9 

5233174-4 

571 

3873-7 

619 

4516-4 

667'5111-2ll715'5664-6   j 

476 

2424-G 

524  3189-7 

572 

3887-6 

620 

4529-3 

6685123-1 

7l6;5675-7 

477 

3441-3 

525'3304-9 

5733901-5 

Q2\ 

4543-1 

669  5135-0 

7175686-8 

47w'^458-0 

536:3220-0 

5743915-4 

632 

4554-9 

670^5146-9'l718  5697-9   1 

4792474-6 

5273235-1 

5753929-3 

623 

4567-7 

671 

5158-8  7195709-0; 

4«()^M91-S 

5283250-2 

5763943-1 

624 

4580-5 

672 

5170-61720  5750-11 

4«l|^.j07-i> 

5393365-3 

57713956-9 
578.3970-7 

635 

4593-3 

673 

5182-.T  --^T  -:31-1' 

483 

3534-3 

530  3280-3 

636 

4606-0 

674 

5194-                i-H 

483 

2540-8 

531  3395-3 

579'3984-5 

627;46l8-7 

675 

5206-  i                -l-l 

484 

3557-3 

'533  331 0-3 

,580  3998-2 

638 

4631-4 

676  5217"               ■4-«, 

485 

3573-7 

533  3335-3 

5M 141111-9 

639 

4644-0 

677i5229-:            :o-l 

4«6 

3590-2 

534  3340-3 

,5W3 

4025-6 

630 

4656-7 

|67«,5241-                  6-ll 

4H7 

3506-6 

[5353355-1 

'583 

4039-3 

631 

4669-3 

;679,5253-3  7-7, 0797-1: 

488 

3G33-9 

J536  3370-0 

584 

4052-9 

633 

4682-0 

'6Kn'5264-9  73H  5.»«08'0 

489 

2639-3 

1537  3384-8 

585 

4  066-6(1633 

4694-5 

j68 15276-             -'9-0 

^^^P 

490 

3655-4 

538  3399-6 

586 

4080-3  634 

4707-1 

|683528K-                  '.)-9 

^^^^ 

491 

3671-6 

5.39  3414-4 

587  4093'8i!G35 

4719-7 

;683 

5300'*                 (>•» 

492 

2687-9 

540 

3439-3 

588  4107-3  636 

4733-^ 

684 

5311-1                .,1-7 

493 

3704-1 

[541 

3443-9 

!589  4130-y  1)37 

4744-7 

685 

5323-3|  733  5?»62'5 

494 

3730-2 

1543 

3458-6 

'59(14134-31638 

4757-2 

686 

5334-8,  734 

5873-4 

495 

3736-3 

543 

3473-3 

591 

4147-s'!639 

4769-7 

1687 

5346-4  735 

5884-f 

496 

3752-3 

544 

3487-9 

592 

4l6l-3!640 

4/82-1 

•6h8 

5358-0  736 

5895-1 

497 

3768-3 

'545 

3503-5 

;593 

4174-7  [641 

4794-6 

^^S 

5369-6 

|737 

5905-9 

498 

3784-4 

546 

3517-3 

;594 

4188-1 

,643 

4807-0 

690 

5381-1 

738 

5916-7 

499 

3800-4 

547 

3531-8 

595 

4301-5 

643 

4819-4 

691 

5392-7 

739 

5927-5 

500 

3816-3 

548 

3546-3 

596 

4214-9 

644 

4831-7 

693 

5404-2 

1740 

741 

5938-SI 

501 

3833-3 

549 

I 

3560-8 

ii97 

4238-2 

1 

645 

4844-1 

693 

5415-7 

5949*0| 

Table  B.  {continued.) 


ml 


745:5959-7 
743'5970-t 
744'59«l-2 
7455991-9 
7466002-5 
7476013-2 
748J6033-8 
749;6034-4 
750;6045-] 


I  Mil.   Mcu 

'75l!605.')-7 

7326066-3 

7oy|6076-9 

754[S087*5 

755'609«-0 

i756|6l0!i'6 

757|6119'1 

7.''8  6li39'6 


Mil.|  Mftr.  ; 
759-6140-I 
760  6l50'G 


761 
762 
763 
764 
763 
766 


6161-1 

ei?!-^ 

6182-0 
6 192-4 
6202-8 
6213-2 


Mil.   Mctr. 

7676223-6 

7686234-0, 


769 
770 

771 
772 


6244-4 
6254-7' 
6265-0l 
6275-4 


Mil.    Mctr. 

775,6306-2 

776;63l6-5 

777i6326-7 

77Si6337-0 

7796347-2 


773!62«5-7 
7746296-0 


780 
781 
782 


6357-4 
6367-6, 

6377-81 


Mil.    Metr. 

78:l,6388'0 

7846398-2 

785'6408-3 

786|6418-5 

7876428-6' 

7886438-7 

7896448-81 

790|6458-9i 


Table  C. 


EN-g. 

Metre.' 

Deg. 

Metre,  1 

Deg. 

Metre. 
( 

Dog. 

Metre. 

1  Deg. 

Metre- 

0-2 

0-3   1 

4-3 

6-2 

1    8-2 

12-1 

12-2 

17-9 

16-2 

23-8 

0-4 

0-6 

4-4 

6-5 

j    8-4 

12-4 

12-4 

18-2 

16-4 

24-1 

0-6 

0-9 

4-6 

6-8 

!    8-6 

12-6 

12-6 

18-5 

16-6 

24-4 

0-8 

1-3 

4-8 

71  i 

I    8-8 

12-9 

12-8 

18-8 

:  16-8 

24-7 

1-0 

1-5 

5-0 

7-4 

1    9.0 

13-2 

13-0 

19-1 

170 

25-0 

1-2 

1-8 

6-2 

7-6 

!    9"2 

13-5 

13-3 

19-4 

17-2 

25-3 

1-4 

2-1 

5-4 

7-9 

9-4 

13-8 

13-4 

19-7 

17-4 

25-6 

1-6 

2-3 

5*6 

8-2 

9S 

14-1 

13  6 

20-0 

17-6 

25-9 

1-9 

2-6 

6-8 

8-5 

9-8 

14-4 

13-8 

20-3 

17-8 

26-2 

2-0 

2-9 

6-0 

8-8 

100 

14-7 

140 

20-6 

18-0 

26-6 

9-2 

3-S 

6-3 

9-1 

10-2 

15-0 

14-2 

20-9 

18-2 

26-8 

8-4 

3-5 

6-4 

9-4 

10-4 

15-3 

14-4 

21-2 

18-4 

27-1 

2-6 

3-8  ' 

6-6 

9-7 

10-6 

15-6 

14-6 

21-5 

18-6 

27-4 

2-S 

4-1 

6-8 

10-0 

10-8 

15-9 

14-8 

21-8 

18-8 

27-7 

3-0 

4-4 

7-0 

10-3 

ill-O 

16-2 

150 

22-1 

190 

28-0 

3-2 

4-7 

7-2 

10-6 

!ll-2 

165 

15-2 

22-4 

19-2 

28-2 

3-4 

5-0 

7-4 

10-9 

11-4 

16-8 

15-4 

22-7 

19-4 

28-5 

3-6 

5-3 

7-6 

11-2 

11-6 

17-1 

15-6 

22-9 

,19-6 

28-6 

3-8 

S-6 

7-8 

11-5 

11-8 

17-4 

15-8 

23-2 

19-8 

29-1 

4-0 

5-y 

■ 

8-0 

11-8 

12-0 

17-C 

16-0 

23-5 

* 
* 
» 

^ 


^ 
* 


200 
400 
600 
800 

laoo 

1200 
1400 
1600 


1*2 
2*4 
3' 4 
4*5 
57 
70 
8-2 
9-2 


800  10-4 
2000ill-6 
2200  l*>-8 


1-2 
2-4 
3-4 
4-5 

5-7 
7-0 

8-2 

9*2 

10*4 

11-5 


1*2 
2-4 
3-4 
4-5 

5-7 

6*8 

8-0 

9*0 

10-2 

11-3 


2400 
2600 
2800 
3000 
3200 
3400 
3600 
380O 


140 
15-2 

16*6 
17-9 
19*1 
20*5 
21*8 
23-1 


4000  24-6 

4200j2.v9 
4400'27-5 
4600J28-9 
480(KtO-4 
5OO0|:il-8 
5200;33-0 
5400"34-3 
5600:35-7 
580037-1 
600038-5 


1 12-6  12*6 
jH-O  13-8 
,15-2  15-0 
16-5  16*4 
,17-7|l7-6 
18-9  18-7 
20-3  20-1 
21*7  21'4 
'22*9  22-6 
24*4  !34-0 
25*7  25-3 


27-3 

28-7 
30*2 
31-6 
32*8 
34*1 
,35-5 

;36*9 

'38-3 


26-8 
28-2 
29-6 
30-9 
32*1 
33-5 
34-8 
36-1 
37*5 


1-0 

2*2 

3*2 

4*3 

5-3 

6-4 

7-6 

8*8 

9-8 

11-0 

12-1 

13-3 

14-4 

I  h-G 

16-8 

18-0 

19-3 

20-4 

21-6 

22-9 

24*3 

25*8 

271 

28*4 

29-8 

31-0 

32*4 

33-7 

35-0 

36-3 


m. 

1*0 

2-0 

3*0 

4*1 

5*1 

6*0 

71 

i  8*2 
9-1 
10*4 
11*4 
12*5 
13*6 
14*8 
15*8 

17-0 

18-4 
19*6 
20-6 

21-9 
23-0 
24-3 
25-6 
27*0 
28-4 
29-7 
30-8 
32*1 
33*2 
34*3 


1-0 

2-0 

2-8 

3-8 

4*8 

5-8 

6*7 

7-6 

H-6 

9-6 

10-6 

11 -6 

12*6 

13*6 

U*6 

15*7 

16-9 

18-0 

19-1 

20-3 

21-6 

23-0 

24-3 

26*5 

26*7 

28*0 

[29-2 

30-2 

31*3 

32*3 


200 
400 

600 

800 

1000 

1200 

1400 
1600 
1800 
2000 
2200 
2400 
2600 
112800 
3000 
3200 
3400 
3600 
3800 
4000 
4200 
[4400 
460O 
4800 
5000 
5200 
5400 
5600 
5800 
6000 


0-8 
1-8 
2-6 
3-5 
4-3 
5-1 
6-1 
7-0 

8-0 
8-8 

9-7 
10-6 
11-6 
12-6 
13-6 
14-6 
15-7 
16-7 
17-7 
18*7 

9-9 
2M 
22-3 
23*4 
24-6 
25*7 
26-7 
27-8 
28-9 
30-0 


m. 
0-8 

1-7 

2*4 

3*1 

3*8 

4-6 

5-4 

6-2 

70 

7'8 

8-6 

9-4 

10-5 

11*4 

12-2 

13*1 

14*1 

15*0 

15*9 

17-0 

18*0 

19*1 

20*3 

21*3 

22-3 

23-3 

!4-3 

25*3 

26-3 

27-3 


0*6 
1*4 
2*0 

2*8 

3-4 

4*2 

4*8 

5-6 

6-3 

70 

7-6 

8-4 

9-2 

10-0 

10-8 

11-5 

12-4 

1 3*4 

14-3 

15*1 

J  5*9 

16*9 

18*0 

19-0 

19-9 

20*8 

21*7 

22*6 

23-6 

24-6 


in. 

0-6 

1-2 

1-8 

2-4 

3'! 

3-6 

4-2 

4-8 

5-4 

60 

6-6 

7-2 

8*0 

8*8 

9-4 

10*1 

10-9 

11-6 

12-4 

13-1 

14-0 

15*0 

15-9 

16*7 

17-4 

18-2 

19-1 

19-9 

20*7 

21*5 


m. 

0-6 

1*0 

1>6 

2-0 

S-6 

3-1 

3-6 

4*1 

4-6 

5-1 

5-6 

6*1 

6*8 

7-4 

8*0 
8*6 
9-2 
9*8 
10*5 
ll'S 
12*0 
12-9 
13*6 
14*3 
15*0 
15-7 
16*4 
17*2 
17-8  I 
18*5 


0*4 
0*8 
1*2 
17 

H 
3^ 
S-4 

3-8 

4-8 

4*6 

5-1 

5-6 

6-2 

6-6 

70 

7-7 

8*2 

8-7 

9^ 

10*1 

10-8 

11-5 

12*l 

12-7 

13-3 

13*9 

14*5 

15-1 

15*7 


jippendix. 

Table  E. 
Reduction  of  Metres  into  English  Feet  and  Inches. 


1 

Metr. 

Feeu 

Inchwi. 

Mctr.  Feeu 

Inches. 

Metr, 

Feet. 

Incbe*. 

I 

3 

3-370 

1  50 

164 

0-514 

900 

2952 

9-261 

■ 

3 

6 

6-740 

60 

196 

10-217 

1000 

3280 

10-290 

■ 

3 

9 

10-111 

70 

229 

7-920 

2000 

6561 

8-58 

4 

13 

1-481 

80 

262 

5-623 

3000 

9843 

6-87 

m 

5 

16 

4-851 

1  90 

295 

3*326 

4000 

13123 

516 

■ 

6 

19 

8-222 

1  100 

328 

1'029 

5000 

16404 

3-45 

■ 

7 

22 

11-092 

200 

656 

2-058 

6000 

19685 

1-74 

■ 

8 

26 

2-963 

300 

984 

3-087  , 

7000 

22966 

0-03 

■ 

9 

29 

6-333 

400 

1313 

4-116 

8000 

26246 

10-32 

■ 

10 

32 

9-702 

500 

1G40 

5-145 

9000 

29527 

8-61 

■ 

20 

65 

7-405 

600 

1968 

6-174 

10000 

32808 

6-90 

■ 

;io 

98 

5-108 

700 

2296 

7*203 

1 

40 

131 

2-811 

800 

2624 

8'232 

Reduction  of  Decimetres,  Centimetres^  and  Millimetres,  to 
English  Inches. 


Comparison  of  English  and  French  Measures. 
(From  Buily's  Astronomical  Tfibles.) 

Ft.  Metre*. 

French  Toise =  1-949036 

Foot =0-324839 

Inch =0-027070 


Eng.  Inches. 

French  Metre =39*37079 

Toise s=76-739400 

Foot =12-789900 

Inch =  1-066825 

Line =  0*088819 


English  Foot =  0-304794 

'■ Inch =  0-025399 


Constant  logarithms  (always  additive)  for  converting 

French  Toises  into  Met.0*2898200  French  Ft.  intoKnR.Ft,0-0276860 

Fcf  t  into  Metr.  9-51  166h7 Met.  intoEnj;.  Ft.0-51 59929 

T.  LmoEng.Ft.0*8058372rMiIIimct.intoEi)g.  lu.  8*5951741 


^^^^V^     INDEX.      ^^^^^H 

^f  Abel,  Dr.  Clarke,  on  the  bank  thrown 

175;   of  Uddevalla,  Sweden,   I7(}; 

1             lip  at  the  Capo  of  Good  Hope,  86. 

of  St  Hospice,  Nice,  ib, ;  in  South 

AL\  in  I'roveiicf,  supmcretateous rocks 

America,  178. 

of,  2 17. 

Beaches,  Blungle,  79;    travel  in  the 

Alps,  supracretaceoui!  rocks  of,  231, 

direction  of  ibe  prevalent  winds,  ib. ; 

237  ;  cretaceous  rocka  of,  290,  292 ; 

bar  lip  the  valleys,  forming  bkca,  81 ; 

oolitic  rocka  of,  i2ii. 

sandy,  84. 

Animal  life,  cart)',   on  the  surface  of 

Beaufort,  Ca]>t.,  on  the  indurated  beach, 

the  gtobf,  remarks  on  the,  429. 

Sclinty,    Karaaiania,  jio<r,   8') ;   on 

Arago,  M.,  on  the  temperature  of  the 

under current.s  in  the  Muditerranean, 

earth's  surface,  7. 

114;  on  the  gaaeous  exhalation  of  the 

1        Arctic  circle,  numeroua  remaina  of  cle- 

Yanar,  152. 

^m      phants  and  rhinoceroBea  within  the, 

Beaumfint,  M.  Elie  de,  on  the  erratic 

W      190. 

blocks  of  the  Alps,  104  ;  on  tlie  gra- 

'       Argillaccoua,  or  clay  alatc,  433. 

vels  of  the  Lyonais,  Daupljin6,  and 

Arkose,  324. 

Prin'cnce,  222;  on  the  mipracreta- 

Artesian  welJs,  tcinperature  of,  12. 

ceouB  rocks  of  the  I'ertnis  de  Mira- 

Atchafaluyn,  raft  of,  71 ;  section  uf  the 

benu,  2  U> ;   on  the  oolitic  rorka  of 

alluvial  baiika  of,  ib. 

Burgundy,  317;  on  tlie  lias  of  the 

Attraction,  local,  of  tlie  magnetjcneedle, 

Alps,  327 ;  on  the  Ores  de  Vosges, 

^m       renders  the  detennination  of  ciirrenta 

3uG  ;  on  the  elcvatioD  of  mountains. 

■      doubtful,  109. 

483. 

^m  Auvergne,  erunire  action  of  rivera  in. 

Beecliey,  Capt.,  on  the  temperature  of 

^P      57  ;  extinct  volcanos  and  supracre- 

the  sea,  24. 

^"        taceons  roeka  of,  271. 

Belcmnites,  association  of,  with  coal 

Ava,    orj^iinie   remaina  found    in   the 

meaaure  plants  in  the  Al  )s,  32S. 

kin<,'doni  of,  208. 

Bertrand  de  Done,  M.,  on  t  le  volcanic 

rocks  and  ossiferous  beds  of  the  Ve- 

Baciilitc  limcatone,  of  Normandy,  206. 

lay,  272. 

Bagshot  aand.s,  26;}. 

Bertrand-Gcslin,M.,  on  the  Vol  d' Amo, 

1        Baku,    inflanimoblc    cnseoua    cshnla- 
^L       tiona  of,   1;V!  ;    naphtha  and  petro- 

245. 

Bcudant,  M.,  on  the  volcanic  rocks  of 

^f      leum  springs  of,  103. 

Hungary,  278. 

~  Ban  da,  Isle  of,  gradual  riae  of  ft  pro- 

Bigsby, Dr.,  on  the  erratic  blocks  of 

montory  at,  127. 

North  AuiericB,  192. 

Baronit;ter,table8for  calculating  heights 

Black  Head  (Babbaeombc Bay, Devon], 

by,  GlD. 

relations  of  limeiitonc  oiid  trBj>|)cau 

Bars  of  rivers,  89. 

rocks  at,  464. 

Baaalt,  i;J7 ;  chemical  compoaition  of, 

Bunsc,  Dr.,  on  the  »ubmarine  forest, 

452 ;  columnar  structure  of,  470. 

Mount's  Hay,  Cora  wall,  170. 

BaHins,  rock,  40. 

Bobkye,    M.,   on  the  passage  of  the 

Baaterol,  M.  de,  on  the  suprocretaceoua 

Mcuse  through  the  Ardennes,  51*; 

rocka  of  Bordeaux,  250. 

on  the  shore-lines  upon   the  lime- 

Bf«cli, raised,  of  Wymouth,   172;  in 

stones  of  Greece,  178 ;  on  the  oolitic 

■      Corn  watt,  174;  of  Jura  (Hcbridca),  , 

rocks  of  the  North  of  France,  316. 

• 

^ 
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Bore,  of  the  Ganscs,  98 ;  of  the  Ma- 
ranon,  ib. ;  of  the  Arouarv,  ib. 

Bou^,  Dr.,  on  (he  oalt  of  WinHczka, 
270 ;  on  tlie  rocks  of  Gosnii,  2b0 ; 
on  the  carboniferous  rocka  of  Scot- 
land, 389. 

Bovey  coal  deposit,  223. 

Breakers,  action  of  on  coa«ts,  77,  84  ; 
large  blocks  moved  by,  during  gales, 
82, 

Breakwater,  Plymouth,  great  blockB  of 
rock  forced  over  during  a  gale,  82. 

Bronfiniart,  M.  Adolphe,  on  the  plants 
of  the  coal  measures,  4 1 L 

Brongniart,  M.  Alex.,  his  classification 
of  rocks,  39;  on  the  raised  intiss  of 
shells  at  I'dde valla,  1 7(5;  on  the  er- 
ratic blocks  of  Svvcdcft,  180  ;  labours 
of,  round  Paris,  251  j  on  the  V'icen- 
tine,  276;  on  the  Dialilcrets,  2S1  ; 
on  the  cretaceous  rocks  of  rhe  Isle 
d'Aix,  311  ;  on  (be  rocks  of  the 
Cotentin,  -123. 

Brown  coal,  of  tJermany,  248. 

Biich,  M.  vun,  on  the  modern  sand- 
alone  of  the  Cireat  Canary,  86;  his 
tlieory  of  craters  of  elevation,  121  ; 
on  the  Caldera,  Isle  of  Pulma,  ll!S; 
on  the  coral  rag  of  Germany,  322; 
on  the  dolomite  of  the  Lake  of  Lu- 
gano, 475. 

Buckland,  Dr.,  on  valleys  of  eleva- 
tion, 31  ;  on  the  erratic  blocks  and 
gravel  of  Durham,  18(i;  on  llie  re- 
mains of  clephuutA  &c.,  wiiliiii  the 
Arctic  Circle,  200  ;  on  ossiferous 
caverns,  201  ;  on  Kirkdale  cavern, 
201 ;  on  the  Gennan  caves,  200  ; 
on  the  plastic  clay  of  Woolwich, 
250;  on  the  magnesian  congtonie- 
rate  of  Sonierset,  367. 

Buddie,  Mr.,  on  the  coal  measures 
near  Newca.stle,  370  ;  on  the  carbu- 
relted  hydrogen  of  coal  mines,  377. 

Cachin,  M.,  on  the  action  of  the  waves 
on  the  Digue,  Cherbourg,  81). 

Calcaire  growier,  of  Paris,  2.'j2. 

Cantal,  fresh-water  rocks  of  the,  271. 

Carboniferous  limestone,  381  ;  sum- 
mary of  the  organic  remains  in  the, 
ib. 

Carboniferous  rocku,  of  Germany,  3S3 ; 
of  Southern  Kugland,  ZHH  ;  of  Cen- 
tral England,  ib.;  of  Nurlliern  En- 
gland, 387;  of  Scotland,  388;  of 
Ireland,  303;  of  Nordiern  France 
and  Belgium,  3!J4 ;    of  Saarbriick, 


397;  of  Poland,  ib.;  of  Rnsxia,  i7). ; 
of  Central  France,  398 ;  of  the  United 
States,  ib. ;  of  India,  399 ;  general 
remarks  on  the,  401. 

Carne,  Mr.,  on  the  metalliferouB  veint 
of  Cornwall,  492. 

Cas|)ian,  depression  of  land  in  the  re- 
giou  of  the,  3  ;  salta  in  the  water  of 
the,  4. 

Caverns,  ossiferous,  201 ;  on  the  manner 
in  which  bones  may  occur  in,  Ut.\ 
human  remains  in,  203 ;  of  Kirkdale, 
201 ;  of  Germany,  205  ;  of  Kent's 
Hole,  206 ;  of  EciienoK,  ib.  \  of  Foo- 
rent,  20K ;  of  Ban  well,  ib. ;  of  Choc- 
kier,  212. 

Cavities,  funnel-shaped,  prodaced  da- 
ring earthquakes,  1 48. 

Chalk,  converted  into  granular  marble, 
27!) ;  probable  passage  of,  into  the 
Bupracretaceous  rocks,  ib. ;  analyss 
of  that  of  Meudon,  283  ;  of  Weia- 
bijhla,  cut  by  granite,  294. 

Chcsil  Bank,  Portland,  50 ;  hj'pothcsii 
respecting  the,  ib. 

China,  natural  exhalations  of  inflam- 
mable gas  in,  152. 

Chlorite  «!ate,  433 ;  calculation  rerpect- 
ing  the  chemical  composition  x£, 
441. 

Clefts  of  rocks,  organic  remains  in,  at 
Plymouth,  181. 

Chfis,  action  of  land  springs  on,  49; 
dcstrurtton  of,  77 ;  when  partially 
protected,  ib. 

Clifton,  near  Bristol,  gorge  of,  58. 

Climate,  change  of,  in  Europe,  215. 

Coal,  in  the  cretaceous  rocks  of  Get~ 
many,  290 ;  in  the  cretaceous  rodcs 
of  the  Spanish  Pyrenees,  293;  in 
the  oolitic  rocks  of  Yorkshire,  314; 
in  the  oolitic  rocks  of  Scotland,  319; 
in  the  oolitic  rocks  of  Germany,  320, 
321 ;  of  the  coat  measures,  376; 
chemical  composition  of,  377 ;  re- 
marks on  the  accumulation  of,  403; 
great  thickness  of,  at  St.  Ecicnne, 
40.5. 

Coal  measures,  37fi;  fault.s  in  the,  379; 
contortions  of  the,  380 ;  .summary  of 
organic  remains  in  the,  »&. ;  remarks 
on  the,  401. 

Como,  lake  of,  discharge  of  detritus 
into,  5.*3 ;  linifslone  of  the  vicinity 
of  the,  330  ;  dolomite  on  the  shores 
of  the,  477. 

Conybcave,  Mr.,  on  the  sujjcrficial  gra- 
vel and  erratic  blocks  of  Central  £n- 


Tnm],  180 ;  his  cln<uification  of  the 
oolitic  ruckH  of  Kii};l!tn(l,  .'(14  ;  on  the 
^m     Tungnesianconglomtrate  of  Somerset, 

^HCooper,  Mr.,  on  Big  Bono  Lick,  Keti- 
^B     titcky,  note,  198. 
^■CoraJ  islands,  103;  defended  to  wind- 
ward by  coral  shiiiiile  Ijcnche*,  HU. 
Coiftls,  at  wliiit  (]e|>tli  fiuiiid,  KM  ;  rc- 
uttach  thfmsidvfs  whi'u  fieslily  bro- 
ken oil',  IGa  ;  beds  uf,  between  lava 
currents,  ib. 
I       Cordit-T,   M.,   on  the  temperature  of 
^K     mines,  8. 
^rCrag.  the  English,  229. 
^^  Crnters  of  elevation,  121. 

Crnwfurd,  Mr.,  orponic  remains  disco- 
vered in  Ava  by,  'ICiH. 
Cretaceous  rocks,  general  characters  of 
the,  in  England  and  Nortbei^n  France, 
28.'» ;  Df  Sweden,  2HG  ;  in  Russia  and 
Polund,  iVj.;  of  (lermany,  2H8:  of  the 
Alps,  290,  "2!J3  ;   variations  in  the 
^^       mineralogical     characters    of    the, 
H      2ai ;  of  Sonthern   France,  292 ;  of 
JK      the  Cotentin,  '296;  of  StevenskiJnt 
(Seeland),   297 ;    siimmar)'   of  or- 
ganic   remaina    contained    in    the, 
297  ;  of  the  United  State-s,  .102. 
I        Cristie,    Dr.  Turnbnll,    on   tubashecr, 
^^      uote,  2]h;   on  the  osseous  breccia 
^H      near  FRiennn,  '20U. 
^H  Croizet  and  Jobert,  MM.,  on  the  ossi- 
^H       ferous  rocks  of  ,\uvergne,  271. 
^^  Current,  great   Atlantic,   Hit;    round 
Cape    Lafnillas,    ib.  ;     Polar,    )U2  ; 
through  Behring's.  Straitu,  1 01;  of 
the  Streits  of  Gibraltar,  103j   out 
of  the  Baltic,  WG. 
Currents,  in  the  West  Indies,  !00;  of 
^^        the  Pacific,  lOl  ;  in  the  Indian  and 
^H        Chinese    Sea.i,    107;    their  general 
^f       accuracy  donbtfid,  108;   transport- 
'  iug  power  of,  112. 

Cuvier,  Baron,  on  the  dunes  of  the 
Liuides,  S4 ;  labours  of,  round  Paiia, 
2al. 

Darby,  Mr.,  on  Che  Missisisippi,  71 ;  on 
the  raft  of  the  Atchafniaya,  ib. 

Daubeny,  Ur-,  on  the  gases  evolved 
from  volcaiioa,  117;  tin  the  heat 
and  appearances  of  a  Java  current, 
ib. ;  on  the  gases  evolved  from  the 
Solfatara,  near  Naples,  135  ;  mi 
the  lava  of  Auvergne,  13G ;  on  (lie 
Euganean  Hills,  275 ;  on  thermal 
springs,  GOti. 


* 


Duubuisson,  M.,  on  the  decomposition 
of  fjrunile,    io ;  on  the  falls  of  the 
Rhine,  56. 
Davy,  Dr.,  on  tlic  volcunic  island  of 

Sriacca,  110. 
Dechen,  M.von,  on  the  passage  of  the 
Nuhe  lo  the  Rhine,  58 ;  on  the  er- 
ratic blocks  of  Germany,  190 ;  on 
the  brown  coal  ol'tii-rmnny,  248  ;  on 
the  cretaceous  rocks  of  Gerniauy, 
288;   on  the  oolitic  rocks  of  Ger- 
many, 320,  on  the  variegated  or  red 
marl  of  Gennany,  354  ;  on  the  roth- 
liegende  of  Gennany,  '6.i9 ;  on  the 
r.irbonifernusrocksof  Gnrmanv.ysy, 
Delta,  of  the  Nile,  6U  ;  of  the  Po,  70; 
of  the  Mississippi,  71;  of  the  Ganges, 
71. 
Deltas,    relative   importance  and   in- 
crease of,  76. 
Deposits,  in  the  lake  of  Geneva,  52 ; 
in  the  lake  of  Couio,  53  ;  siliceous, 
from  sjtrings,  136 ;  calcareous,  from 
8]>riiig8,  158. 
Deshayes,  M.,  hi.s  classification  of  tlie 
siipracrctuceous  or  tertiary  rocks  of 
Europe,  221. 
Desnoyers,  M.,  on  the  more  modem 
supracretaceous  racks,  226  ;  on  the 
buculitelimestoncof  Nijrmandy,296. 
Detritus,  sivpi-rlicial,  in  South  Devon, 
44;  rcconsolidatcd  at  Nice  and  in 
Jnmnica,   45  ;    talus  of,   at   foot   of 
clifTii,  40  ;   delivery  of,  into  the  sea, 
(i7. 
Dt;vonshirc,   red   sandstone  and   con- 
glomerate of,  3G2. 
Diubkrets  (Valuis),  on  the  rocks  ot 

the,  281. 
Diullnge   rock,  41G  ;    calculations  re- 
specting the  chemical  composition 
of,  453. 
Digue,  Cherbourg,  action  of  the  wsrefl 

on,  88. 
Dirt  bed,  Isle  of  Porthmd,  conclusioni 

respecting  ibe,  306. 
Doli>niiif,   474  j   association  of   with 

gypsum,  478. 
Dufrenoy,  M.,  on  the  cretaceous  rocks 
of  Southern  Fiance,  202  ;   on  the 
cretaceous  rocks  of  the  S])ani6h  Py- 
renees. 203  ;  on  the  oolitic  rocks  of 
Sonih-Western  France,  318. 
Dunes,  or  Sand  llill.t,  84;  advance  of, 
ib.;  indurated,  83;  of  Lake  Supe- 
rior, itofe,  88. 
Dykes,  vti5eanie,  LIS;   basaltic,  con- 
verting chalk  into  granular  titarble, 
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279;  trnppean,  163;  great  length 
of  certain  Irappean,  note,  4C4 ;  of 
Berp«utine,  4064 

Earth,  figure  of  the,  1 ;  density  of  the, 
ib.  ;  tomj>er;iture  of  the,  fi. 

Earthquake,  of  Lisbon,  Ml;  ofCutch, 
144;  of  Jamaica,  lA.        ' 

Earthquakes,  110;  felt  at  great  di- 
Btaacea,  141 ;  shocks  nf,  on  different 
rocks,  142 ;  relative  importance  of, 
148.     ' 

Electricity,  effects  of,  on  rocks,  46. 

Elephant,  frozen,  of  Siberia,  199. 

Elevation  of  mountains,  481. 

Ellis,  Mr.,  on  the  crater  of  Kirauca, 
Owhyhee,  121. 

Erman,  M.,  on  the  lna.^imum  density 
of  sea  water,  24. 

Erratic  blocks,  of  England,  186;  of 
.Scotland,  188;  of  Sweden,  189;  of 
Russia,  ib.'y  of  Poland,  190;  of  Ger- 
many, ib. ;  in  Belgium  and  Holland, 
192;  of  North  America,  ib. ;  of  the 
Alps,  194  ;  of  the  lake  of  Como,  195. 

Eugauean  Iliils,  volcanic  and  other 
rocks  of  the,  275. 

Eurite,  4,3B ;  calculation  respecting  the 
cheni!c;il  composition  of,  442. 

Exhalations,  gaseous,  1.51. 

Faults,  at  Dawlish,  183;  act  aa  Arte* 
sian  wellti,  .379. 

Fingal's  Cave,  Stalfa,  how  formed,  78. 

Fitton,  Dr.,  on  the  Maestricht  beds, 
281 ;  on  the  lower  cretaceous  rocks, 
284;  on  the  Wcalden  rocks,  304; 
on  the  dirt  bed  of  the  Bouloonois, 
.'108. 

Fleming,  Dr.,  on  tlie  submarine  fo- 
rests of  the  Frith  of  Tay  and  the 
Frith  of  Forth,  U)7,  IfiS. 

Fleuriau  de  Bellevue,  M.,  on  on  Arte- 
sian well  at  Ruchelle,  13. 

Floods,  river,  care  required  in  estima- 
ting tlie  real  physical  changes  pro- 
duced by,  64. 

Forests,  subuiarine,  166. 

Fossil  plants,  remarkable,  in  the  oolitic 
rocks  of  the  Alpis,  327 ;  vertical,  in 
the  Yorkshire  oolite,  .350 ;  vertical 
in  the  carboniferous  rockn,  406 ;  re- 
marka  on  those  contained  in  the  coal 
meaniroB,  409. 

Fourier,  Boron,  on  the  temperature  of 
the  earth  and  planeUiry  spaces,  2G. 

Fox,  Mr,,  on  the  electro-magnetic  pro- 
perties of  minerul  veins,  493. 


France,  ossiferous  caverns  of.  203,  20fi; 
supracretaceous  rocks  of,  222,  227, 
242,  246.  249,  231,  270;  cretacroui 
rocks  of,  28.3,  286,  290,  29G  ;  oolitic 
rocks  of.  .316,  318,  .324.  .327;  vsrie- 
gated  marl  uf,  3r)3 ;  muschelkalk  eS, 
336;  varie^ted  or  red  sandstone  of, 
357;  carboniferous  rocks  of,  .398,404. 

Freshes,  or  fre.sheU  of  rivers,  61. 

Fresh-water  fonnation,  upper,  of  Psrii, 
255 ;  of  the  Isle  of  Wight  and  llunp- 
shire,  264. 

Fuchscl,  M.,  his  geological  resesreliai 
213. 

Fundy,  Bay  of,  great  tides*  in,  93. 

Fusibility,  relative,  of  rocka,  -164, 

Gaiigefi,  delta  of,  74 ;  coarse  gravd  not 

transported  by  within  400  mile*  of 

the  sea,  75 ;  amount  of  detritus  trail*' 

ported  by,  >b. 
Gases,   int1unini:ible,    natural  jets  oC 

152;   naturnlly  produced,  used  for 

economical  purposes,  152,  153,  151, 

155. 
Gaiilt,  285. 
Geneva,  lake  of,  depth  of  water  in,  22; 

discharge  of  detritus  into,  52. 
Geologic.il  terms,  explanation  of.  598, 
Georges-gemiind,  curious  mixture  of 

organic  remains  at,  228. 
Germany,  erratic  blocks  in,  190;  o»- 

siferous  caverns  of,  205  ;  brown  cot] 

of,  248  ;  cretaceous  rocka  of,  288; 

oolitic  rocks  of,  320 ;  variegated  marls 

of,  354 ;  muschelkalk  of,  356 ;  lech- 

Ktein  of,  .358  ;  rothliegende  of,  359; 

carboniferous  rocks  of,  383. 
Geysers,    the,  20 ;    siliceous   deposits 

from  the  waters  of  the,  1 56. 
Giant's  Causeway,  basaltic  rocka  of  the, 

278. 
Glaciers,  assist  the  degradation  of  land, 

65  ;  rate  of  advance  of,  66. 
Globe,  changes  on  the  surface  of  the, 

3-1. 
Gneiss,  436 ;    calctdations  respecting 

the  chemical  composition  of^  440. 
Gorges,  cut  by  rivers,  54;    otherwise 

produced,  57. 
Ciosaii,  rocks  of  the  valley  of,  280. 
Gosse,  Dr.,  on  the  baths  of  VignoiM 

and  San  Filippo,  158. 
Granite,  445;  calculations  respecting 

the  chemical  composition  of,   449; 

decomposition  of,  54 ;  covers  chalk 

at  Wcinbijhia,  294  ;  passi);;e  of,  into 

basalt,  note,  455 ;  veins,  459. 
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rranitic,  rocks,  posiUon  of,  as  regards 
the  oolitic  rocks  ol"  tlie  Alps,  4a(>; 
resting  on  fossililerous  rocks,  I'jS. 

Grauwncke,  414;  arrangenienl  of  the 
laminic  in  the  slates  of,  115;  remarks 
on  the  limestojics  of  the,  417 ;  red, 
420 ;  rocks  associated  with  the  lower 
portion  of  the,  421  ;  smnmary  of 
organic  remains  contained  in,  423  ; 
remarks  oti  tl»e  organic  character  of 
tlje,  424  ;  anthracite  and  coal  de- 
L  tectcd  in,  427;  altered  by  granite, 
P  479 ;  upper  beds  of,  in  Shropshire 
and  Wales,  (JO'J, 

Gravel,  of  Devoiiiihire,  182;  of  central 
England,  186;  rounded  in  cuves,  200? 
of  the  Lyonajs,  Dauphine,  and  Pro- 
vence, 222. 

ireen  sand,  upper,  2H1 ;  analysis  of 
green  grains  in,  285 ;  lower,  #6. 

Greenstone,  44(> ;  cnlculiitiona  respect- 
ing the  chemical  coinpositiuii  of,  45(1; 
porphj'ritic,  ib. 

Grea  de  Vosges,  357. 

Group,  modem,  43;  erratic  block,  181 ; 
supracrctaceous,  213;  cretaceous, 
283;  oolitic,  314;  red  sandBtone, 
353;  carboniferous,  37€;  grauwacke, 
414. 

Guevo  Upas,  or  Valley  of  Poison,  in 
Java,  155. 

Gulf  Stream,  101. 

GjpBuni,  oB&iferous,  of  Paris,  253. 

'  Hall,  Sir  Jamea,  on  the  transported  gra- 
I  veinear Edinburgh, 1  SH;  onthefusion 
r     of  limestone  beneath  pressure,  1(55. 

Hall,  Captain  Basil,  on  the  trees  carried 
down  by  the  Mississippi,  72 ;  on  the 
country  fringing  the  delta  of  the 
Mississippi,  73  ;  h«a  plan  for  showing 
ships'  tracks  on  charts,  109. 

Harris,  Mr.,  on  the  large  blocks  of 
rock  moved  during  heavy  gales  at 
Plymouth,  82. 

Hastings  sands,  30.^. 

Heat,  central,  8,  26  ;  source  of  in 
thermal  springs,  16. 

Hebrides,  submarine  forests  of  the, 
168;  oolite  of  the,  320. 

Hibbert,  Dr.,  on  (he  erratic  blocks  of 
Shetland,  188;  on  the  rocks  of  the 
I  Velay,  274 ;  on  the  passage  of  gra- 
nite into  basalt,  notf,  445. 

Hitchcock,  Mr.,  on  the  carboniferous 
deposits  of  Connecticut,  399. 

HotTmnn,  M.,  on  the  Valley  of  Pyr- 
inont,  32. 


Ilooke,  Dr.,  on  inclined  strata,  and 
land  raised  by  eart1i({uakes,  note,  214. 

Ilonibletide  rock  and  slnte,  434 ;  caU 
cul.iiinns  respecting  the  clieniical 
composition  of,  441. 

Horner,  Mr.,  on  a  submarine  forest, 
SDniersetsliire,  ICIfi. 

Hugi,  M.,  on  thercLitionsoftbe  lias  and 
granitic  rocks  at  the  Biitzberg,  456. 

Himian  remains  in  caverns,  203. 

Humboldt,  M.  von,  on  the  perpetual 
suow-litic  on  vartouis  mountains,  28; 
on  shocks  of  earthfiuakes  in  the  Cor- 
dilteraa,  142;  on  the  red  sandstone 
of  Mexico  and  South  America,  373. 

Hurricanes,  149;  force  of,  150. 

Hulton,  Mr,,  on  the  lower  (new)  red 
sandhtone  of  Durham,  ?,fy\  ;  on  the 
state  of  carhurctted  hydrogen  in  coal, 
378. 

Hypersthene  rock,  calculation  respect- 
ing the  chemical  composition  of,  450. 

Icelnnd,  springs  of,  20 ;  volcimoa  of, 

118;  dcpo.sits  from  springs  in,  156. 
Igneous  rocks,  remarks  on,  168. 
Imatra,  falls  of,  G3. 
Importance,  geological,  of  tides  and 

currents,  115. 
India,  supracretaceou*  rocks  of,  268  ; 

coal  of,  ;}iJSl;  hornblende  rock  of,  485. 
Inferior  stratified,  or  non-fossiliferous 

rocks,  432 ;    remarks  on  the,  437  ; 

calculations  respecting  the  chemical 

composition  of  the,  439. 
Insects,  foHsil,  at  .\i\  in  Provence,  248; 
•  fossil,  at  Scdeuliofcn,  345. 
Iron  ore,  pisiform,  of  the  Haute  Saone, 

3(19. 
Isle  of  Wight,  Eupracretaceou*  rocks 

of,  260,  264. 
Ivory,  Mr.,  on  the  heat  disengaged  by 

compressed  air,  10. 

Jamaica,  great  earthquake  at,  144;  red 

sandstones  of,  374. 
JorulKi,  sudden  elevation  and  formation 

of,  128. 

Kfppfnach,  animal  remains  in  the  lig- 
nite of,  239. 

Kettle  and  Pans,  rock  basins  so  named, 
St.  Maiy's,  Scilly,  46. 

Kirnuea,  crater  of,  Owhyhec,  or  Ha- 
waii, 121. 

Klipstein,  M.,  on  the  relations  of  the 
cretaceous  and  granitic  rocks  at 
Weinbohla,  2&4. 
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Kotzebue,  M.,  o»  tlie  temperature  of 

the  sea,  2i. 
Kovalevski,  M.,  oii  t!ie  rarboiiiferoun 

rocks  ot'SoulliiTii  IliiHxin,  3l'H. 
KuptfLT,  Prof.,  on  the  temperature  of 

(iprings,  14. 

La  Spczia,  dolomite  and  limeatoncs  of, 

Lake  Eric,  supposed  drainage  of,  60 ; 
drainage  of,  enultl  not  produce  a 
sudden  deluge,  il>. 

Lake  Snuvando,  sudden  considerable 
drainajje  of,  (J3. 

Lake  wnters,  how  only  middcnly  dis- 
charged, 61. 

Lakesr  temperature  of,  22 ;  Riled  up 
bv  river  detritus,  51  ;  apparentlv 
drained,  .54;  Swias,  238. 

Land,  dry,  superficial  distribution  of, 
2;  degmdaiion  nf,  Mi;  rise  and  de- 
pression of,  by  iturtbquakes,  143, 

Lavrt,  (low  of,  bpncath  the  sea,  125; 
current,  heat  and  fippearatices  of, 
117. 

Lcnz,  M.,  on  the  saltness  of  the 
ocean,  5. 

Lia«,  remarks  on  the,  323 ;  of  the  AIp«, 
327 ;  organic  character  of  the,  ut 
Lyme  Regi«,  34(>. 

Life,  early  animal,  remarks  on,  429. 

Linie.stont',  siliceous,  of  Paris,  2i)3 ; 
saccharine,  -l-'tS. 

Lloyd,  Mr.,  on  the  levels  of  the  Pacific 
dct'an  and  Mexican  Sea,  101. 

I^ndon  clay,  260. 

Lonsdale,  ]VIr.,  on  the  green  sand  of 
Wiltshire,  285  ;  on  the  oolitic  rocks 
near  bath,  3l.'i ;  on  the  oolitic  rock<i 
ofG1oucesters]iirc,i4.;  on  the  Stones- 
field  slate,  31  fj. 

Luidos  Vale,  Jamaica,  remarkable 
drainage  of,  .^4. 

Lyell,  Mr-,  on  the  decrease  of  tempe- 
rature on  the  earth's  surface,  8  ;  on 
the  gorge  of  the  Simcto,  5(3 ;  on  a 
salt  deposit  in  the  Mediterranean, 
105;  on  craters  of  elevation,  127; 
on  surface  changes  produced  by 
enrth([uakes,  lit  ;  on  the  Bakie 
Loch,  1()0  ;  on  tli«  transport  of  er- 
ratic blocks,  1 93  ;  on  the  cviilciicea 
of  a  change  of  cliuiQte,  215  ;  on  the 
supracretaceous  rocks  of  Aix  in  1*10- 
veuce,  247 ;  on  the  llordwcU  beds, 
2G5  ;  ou  the  fresh-water  limeiitone 
of  the  Cantal,  271  :  on  a  serjientine 
dyke,  Forfarshire,  -IG6. 


Macculloch,  Dr.,  on  the  tors  of  Deron 
and  Cornwall,  43  ;  on  ipiartx  rock, 
431;  on  trappean  rocks,  446;  on 
the  trap  and  serpentine  at  C'luiir, 
Perthshire,  405 ;  on  the  scr^ventine 
and  diallage  rocks  uf  the  Scotttiti 
Isles,  439. 

Macgiliivray,  Mr.,  on  comminuted  ie» 
shells  thrown  up  in  the  Hebridei,  k7. 

Mackenzie,  Sir  (i.,  on  the  Geyaers,  20. 

Maestricht  beds,  281. 

A(un  grove  trees,  accumulAtton  of  lud 
by  means  of,  90. 

Maps,  geological,  on  the  constmctioo 
of,  600. 

Marcet,  Dr.,  on  the  saltness  and  specific 
gravity  of  sea  water,  4  ;  on  the  max- 
imuui  deusitv  of  sen  watvr,  23. 

Marmorn,  M.  de  la,  on  sublbssil  shelb 
with  pottery  in  Sardinia,  177;  oil 
the  su])racretaccoiu>  rocks  of  Sardinia, 
214. 

Measures,  comparison  of  English  ud 
French,  617. 

Atediterranean,  great  saltneM  of  the,  5; 
comparatively  high  temperature  of 
the,  25  ;  divided  into  baains,  106. 

Mcrian,  M.,  on  the  ferriferoiu  beds  of 
Aarau,  310]  on  the  oolitic  rocks  of 
the  Jura,  near  Rale,  323. 

Melats,  occurrence  of,  in  rocks,  491. 

Meyer,  M.,  ou  the  mixture  of  organic 
remains  at  Kriedrichsgemiind,  228. 

Mica  slate,  43G;  cnkulationsrespecting 
the  chemical  composition  of,  440. 

Miclmel,  St,  Azores,  siliceous  deposit 
from  springs  in,  1.56. 

Miner,  quantity  of  heat  discngiged  bjr 
a,  9. 

Mines,  tt-mpCTature  of,  8 :  sources  of 
error  respecting  the  heat  of,  i). 

Mississippi,  course  of,  particularly  in- 
structive, 72 ;  changes  produced  in 
the,  73 ;  delta  of,  Ut. ;  detritus  carried 
by,  does  not  enter  the  Gulf  Stream,  ib. 

Mitchcl,  Major,  uu  the  osseoiu  breccia 
of  Australia,  211. 

Modem  deposits  from  springs,  relative 
importance  of,  100. 

Moldsse  and  Nageliluhe  of  the  Alps, 
231,  237. 

Monsoons,  eflccfs  of,  on  currents,  107. 

Monte  San  Primo,  Lake  of  Como,  mul- 
titude of  erratic  blocks  on,  lUo. 

Morton,  Dr.,  on  the  supracretareous 
rtjcks  of  the  United  States,  26y;  on 
the  cretaceous  rocks  of  the  Uoited 
States,  302. 
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ountains,  clovation  of,  1S1. 

Murchtson,  Mr.,  nn  tlm  Ijiciisrriiie  de- 
posit of  tEningen,  iiole,  ■22(t;  on 
the  mixture  of  organic  roumiiis  at 
Georgesgi'miindj  2'_'S  ;  on  tlie  siipra- 
cretttceouu  rocks  i>f  tlie  Aiistrinn  and 
Bavarian  Alps,  210;  on  the  supra- 
cretaccou»  rocks  of  Styria,  2U  ;  on 
the  suprncrctaceous  rocks  of  Aix  in 
Provence,  24"  ;  on  tlie  fresh-water 
limestone  of  the  Cantal,  271 ;  on  the 
rocks  of  Gosau,  280  ;  on  the  oolitic 
rocks  of  Scotland,  319;  on  vertical 
stems  of  plants  in  the  oi^lite  of  York- 
shire, 350 ;  on  (he  upper  portion  of 
the  graxiwttcke  in  Shropshire  nnd 
Wales,  (!09. 

MuHchdkalk,  355. 

Naphtha  and  asphaltnm  springs,  lfi2. 
Ncckor  do  Sunssure,  I'rof.,  on  the  vol- 
canic dykfs  of  Monte  Sonimn,  138  ; 

on  the  rocks  of  the  Buct  nnd  Vallor- 

sine,  329. 
Niagara,  Falls  of,  39;  cutting  bock  of 

the  Falls  of,  i(t. 
Nice,  raised  river-beds  near,  G7  ;  aub- 

foaail  Rhidla  near,  176;  aiipracreta- 

CCOU3  rocks  of,  2U2. 
Nile,  delta  of,  6!);  cause  of  the  erroneous 

opinion  respecting  the  great  advance 

of,  70. 
Nilsson,  M.,  on  the  cretacous  rocks  of 

Sweden,  286, 

Old  red  sands  tone,  382. 

Oltmaiins,  M.,  hh  tablca  for  calctdating 
heights  by  the  barometer,  fi  10. 

Oolitic  group,  general  view  of  the, 
349. 

Oolitic  rocks,  of  England,  314;  of  Nor- 
mandy, 316;  of  Uie  North  of  Frniice, 
ifi.;  of  Burgundy,  317;  of  the  llaule 
Saone,  ib. ;  of  the  rJernrse  Jura^  318; 
of  South-western  France,  ib. ;  of 
Scotland,  31»;  of  Gonnanv,  320; 
of  Poland,  320;  of  the  Alps,  ib.; 
general  rpmarks  on  the,  SZ"} ;  ohscr- 
vattotm  on  the  organic  contents  of 
the,  338. 

Organic  remains,  of  iho  niodt^m  group, 
17!);  ill  superficial  gravels,  1!J 7  ;  in 
Kirkdalc  cavo,  20.') ;  in  the  Mng- 
gendorf  caverns,  noie,  il>. ;  in  the 
osseous  breccia  of  the  .Mcditerrnnean, 
210 ;  in  the  osseous  breccia  of  Aus- 
tralia, 211  ;   of  the  crag,   229;   of 


the  Swiss  molassc,  240 ;  of  the  su- 
pracretacrmis  rocks  of  Styria,  241  ; 
of  the  Vai  d' Arno,  245 ;  of  the  supra- 
cretaceous  rocks  of  Aix  in  Pi'ovence, 
247 ;  of  the  bro^vn  coal  of  Germany, 
249;  of  the  Parisian  plastic  clay,  252; 
of  the  calcaire  grossier,  ib. ;  nf  the 
ossiferous  gypsum  of  Paris,  253  ;  of 
theupperinarine^antJsof  Paris,  255; 
of  the  upper  fresh-water  foniiatitJn 
of  Paris,  ib. ;  of  the  English  plastic 
clay,  259 ;  of  the  London  clny,  261 ; 
of  the  fresh-water  formations  of  tlie 
Isle  of  Wight  nnd  Hampshire,  264, 
266  ;  of  supracretacoous  rocki  in 
India,  26S;  of  supracrctaceoiis  rocks 
in  the  United  States,  209;  in  tlicfrcsh- 
water  limestone  of  the  Cantal,  271  ; 
in  the  assiferous  beds  of  Auvergnc, 
272  ;  in  the  Vclay,  273  ;  at  Cussjic, 
(6.;  of  the  VicentinL',  27ri;  of  the 
Bupracn-taceous  blue  marls  of  the 
South  of  France,"  495  ;  in  tJic  supra- 
cretaceous  rocks  of  Bordeaux  nnd 
Dax,  501 ;  of  Gosau,  506 ;  of  the 
cretaceous  group,  507  ;  in  the  hacu- 
lite  limestone  of  Normandy,  290;  at 
Stevcnsklint  (Seeland),  297  ;  of  the 
cretaceous  rocks  in  the  United  States, 
303  ;  of  the  Wealden  rocks  of  En- 
gland, 528  ;  vegetable,  in  the  Alps, 
328 ;  of  the  Lii  Spp/.ia  limestones, 
332  ;  of  the  oolitic  group,  529 ;  of 
the  red  sandstone  group,  568;  of  the 
variegated  marls,  ib. ;  of  the  mus- 
cliclkatk,  .WO ;  of  the  red  or  varie- 
gated sandstone,  571  ;  of  the  zcch- 
Btein,  572;  of  tlie  coal  measures, 
574 ;  of  the  carboniferous  limestone, 
579  ;  of  the  grauwacke  group,  584. 

Osseous  breccia,  208 ;  of  Nice,  209 ; 
of  Palermo,  ib. ;  of  Australia,  2!  I. 

Ossiferous  beds,  of  Auvergne,  272 ;  of 
the  Velay,  ib. ;  of  Cussac,  273. 

Ossiferovis  cnvern.s,  201  ;  general  ap- 
pearances ir>,  ib. ;  care  necessary  in 
the  oxaiuinntion  of,  202;  containing 
human  bones,  203. 

Palisades,  Jamaica,  remarks  respecting 
the,  f)i. 

Papandayang,  the  sudden  disappear- 
ance of,  134. 

Paris,  remarks  on  the  supracrctaceoiis 
rocks  around,  250. 

Paris,  Dr.,  on  tlie  recent  sandstone  of 
Cornwall,  85, 
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ay,  M.,  on  the  Wealden  rocks  of 
Normandy,  308. 

Pentland,  Mr.,  on  the  remiung  du> 
covered  in  the  oaseoiu  breccia  of 
Australia,  211;  on  fossil  animals 
found  in  India,  26S. 

PhilliiM,  Mr.  I.,  on  the  TObmarine forests 
ana  lacustrine  doposiu  in  Yorlcshire, 
166;  on  the  erratic  blocks  and  jn^vel 
of  Yorkshire,  188;  on  the  oolitic  rocks 
of  Yorkshire,  314. 

Plnhay,  near  Lyme  Regis,  cause  of 
underclifls  at,  19. 

Pitchatone,  chemical  composition  of, 
452. 

Plants,  remarkable  fossil,  in  the  oolitic 
rocks  of  the  Alps,  327 ;  vertical,  in 
the  carboniferous  rocks,  -106. 

Plastic  clay,  of  Paris,  251 ;  of  England, 
258. 

Po,  raised  bed  nf  the,  67;  delta  of  the, 
70. 

Porphyry,  chemical  composition  of, 
451. 

Pratt,  Mr.,  on  the  terrestrial  animals 
in  the  frcsli-w^for  rocks,  Binstead, 
Isieof  Wight,  261. 

Products,  mineral  volcanic,  137. 

I*ronv,  M.,  his  calculations  respecting 
the  delta  of  the  Po,  70. 

Protogine,  •l."J7;  culculnliona  respecting 
the  chemical  composition  of,  442. 

Ptcrodactyles,  occurrence  of  insects 
with,  346. 

Purbeck  beds,  306. 

Pusch,  Prof.,  on  the  erratic  blocks  of 
Poland  and  l^-ussia,  lf*0  ;  on  the 
cretaceous  rocks  of  Russia  and  Po- 
land, 28B  ;  ou  a  ferriferous  deposit 
of  Poland,  311  ;  on  the  white  sand- 
stone of  Poland,  S.'iS  ;  on  tlie  carbo- 
niferous rocks  of  Poland,  397. 

Pyrmont,  valley  of,  32. 

Quartz  rock,  416,  431, 
Quoy  and  Gaijuard,  MM.,  on  coral 
reefs  and  islands,  163. 

Raffles,  Sir  Stamford,  an  the  eruption 
from  Tomboro,  Sumbawa,  12y. 

Raft  of  the  Atchnfalaya,  the  great  ac- 
cumulation of  transported  wood  so 
called,  71. 

Rasoumovski,  Count,  on  the  erratic 
blocks  of  Russia,  181). 

Red  or  variegated  sandstone,  356. 

Red  sandstone,  of  Devonshire,  362 ;  of 


Mexico  and  South  America,  37S: 
of  Jamaica,  371. 

Red  landttone  group,  general  remixln 
on  the,  366 ;  or;ganic  chatacttr  of 
the,  372. 

Rennell,  Major,  on  the  Ganges  andiu 
delta,  74. 

Rliine,  falls  of  the,  56. 

Rhinoceros,  frozen,  of  Siberia,  199. 

River  beds,  when  raised,  67;  deeoaaag 
of,  68, 

Rivers,  50 ;  transporting  power ol^  tb.; 
fill  up  lakes  with  detritus,  51 ;  cut- 
ting powers  of,  55  ;  action  ol^  « 
their  be«ls,  56;  freshes  or  fresheli 
of,  64  ;  deflected  from  their  connes 
by  sea  beaches,  89. 

Robert,  M.,  on  the  ossiferous  bedAof 
Cussac  and  Solilhac,  273. 

llocks,  clossificatioa  of,  35;  kabalar 
view  of  ditlercnt  classifieatiaaa  of, 
38 ;  decomposition  of,  43;  mincnio- 
gjcoj ditferences in  contemporaneous 
473. 

Rothlicpendes,  359. 

Itoyle,  Mr.,  on  the  fossil  plants  amoci- 
ated  witl)  the  coal  deposit  of  India, 
400. 

RufBbcrg,  or  Rossberg,  fall  of  part  of 
the,  48. 

Sabine,  Cnpt.,  on  waters,  supposed  to 

be  those  of  the  Marauon,  flowing  io 

the  Atlantic,  96. 
Sokes,  or  mud  volcanos;,  155. 
Salt  of  Wieliczka,  270. 
San  ?^iirppa,  deposit  from  the  thermal 

waters  of,  158. 
Sands,  transported,  84;  Slaptoa,  81. 
Sands  und  Sandstones,  upper  marine, 

of  Paris,  255. 
Sandstone,  modem,  of  Cornwall,  85; 

of  Guadaloupc,  with  human  rematni, 

ib. ;  of  the  Groat  Canary.  86. 
Sardinia,  sub- fossil  shells  witli  polUty 

in,  177;  aupracretaceous  rocks  of, 

244. 
Saiiastirc,  M.  dc,  ladder  of,  fotind  in  ibe 

Mer  de  Ulace,  66, 
Schorl  rock,  450;  calculationa  reqwet* 

ing  the  chemical    compositiaD  of, 

ib. 
Scott,  Mr,,  on  supracretaccoua  rocks  in 

India,  268. 
Scropc,  Mr.  Poulctt,  on  tltc  classiAcft- 

tion  of  mineral  volcanic  products, 

137. 


,  saltneu  and  specific  gravity  of  the?, 
3 ;  temperature  of,  21 ;  action  of  the, 
on  coasts,  77. 

Sections,  geological,  remarks  on  the 

conKtructioti  of,  SOU. 
Sedgwick,  Pruf.,  on  the  erratic  blocks 
of  Northern  England,  187;  on  the 
supracrctaeoDua  rocks  of  the  Austrian 
and  Bavarian  Alps,  240;  on  the  Gu- 
^m       pracretaceous  nicks  of  Styrio,  2^1 ; 
^P      on  the  rocks,  of  Gosau,  280  ;  on  the 
^"       (new)   retl    sandstono  of  Nortliem 
England,  3d7,  3GU ;  on  the  magnc- 
Bian  limeitone,  359;  on  the  carboni- 
ferous rocks  of  Central  and  Northern 
England,  3Sd  ;  on  the  old  red  sand- 
stone of  tireat  Britain,  3i)0. 
ii       Serpentine,  44G;  chemical  composition 
^^     of,  4j3  ;  passage  of,   into  trappean 
^f     rocks,  405  ;  dyke  of,  in  Forfarshire, 
'I  466  ;  of  Li^ria,  ib. 

Serrvs,  M.  Nlarcel  de,  on  the  supra- 
^m  cretaceous  rocks  of  the  South  of 
^B  France,  242;  on  the  fossil  insects  of 
^^      Aix  in  Provence,  218. 

Shore   lines     on    the    limestones    of 

Greece,  178. 
Slaptou   Sands,   Devon,   remarks  re- 
specting, 81  i  fresh-water  lake  be- 
hind, ib. 
Smith,   Mr.  William,   his   identifica- 
tion of  strata  by  organic  remains, 
213. 
South,  LienL-CoI. Hamilton,  on  masses 
of  coral  thrown  up  during  a  hnrricaue 
at  Cura9oa,  83, 
Smith,  Mr.  C,  on  the  submarine  forest 

in  the  Hebrides,  168. 
Snow,  lino  of  perpetual,  on  diflferent 

muuiilain  chains,  2S. 
Solfiiturna,  1 3 J. 
Soundings  round  the  British  Islands, 

note,  112. 
Sowerby,  Mr.  G.  B.,  on  the   Isle  of 

Wight,  264. 
Spcxia,  La,  limcetoncs  of,  331. 
Springs,  temperature  of,  14;laud,  actijn 
of,  on  sea  clifia,  49 ;  deposits  from, 

^156;  naphtha  and  osphaltiun,  162; 
in  faults,  379. 
rangwaya,  Mr.,  on  the  sudden  drain- 
age of  Lake  Souvando,  6;j ;  on  the 
fails  of  Iniatra,  ib. 
Stratified  rocks,  columnar  structure  of 

ccjtiiin,  the  efleci  of  heat,  471. 
Stiider,  M.,  on  the  molassc  of  Swilzer- 
^m      bud,  237 ,  on  the  relations  of  the 
■  2s 


oolitic  rocks  and  gneiss  of  the  Jung- 
firau,  456. 

Styria,  Lover,  on  the  supracretaccoua 
rocks  of,  241. 

Submarine  forest,  of  Lincolnshire,  166; 
of  Yorkshire,  ib. ;  of  the  Friih  of  Tay, 
167;  of  the  Frith  of  Forth,  168;  of 
Orkney,  if). ;  of  the  Hebrides,  ib. ; 
of  Cardiganshire,  I6LI;  of  Somerset- 
shire, ib. ;  of  Mount's  Bay,  Cornwall, 
1 70 ;  of  Morlaix,  ib. ;  of  the  Baltic, 
ib. ;  probable  cause  of,  171. 

Submarine  volcanic  eruptions,  118. 

Substances,  simple,  entering  into  the 
composilion  of  the  inferior  stratified 
rocks,  443  ;  simple,  constituting  the 
unatratified  rocks,  454. 

Supmcretaccous  rocks,  213;  volcanic 
action  during  the  deposit  of  the, 
270. 

Surface  of  the  globe,  changes  on  the, 
34. 

Svanlicrg,  M.,  on  the  temperature  of 
the  planetarynaces,  note,  27. 

Switzerland,  sUjKticrctaccous  rocks 
of,  237 ;  remarki  on  the  lakes  of, 
238.  ^ 

Talcose  slate,  431;  calculation  respect- 
ing the  chemical  composition  of, 
■Ml. 

Taylor,  Mr.  J.,  on  the  occurrence  of 
metals  in  rocks,  492. 

Taylor,  Mr.  K.,  on  the  crag  near  Nor- 
wicli,  230. 

Temperature  of  the  earth,  6,  26 ;  de- 
crease of,  on  the  earth's  surface,  8, 
215;  of  mines,  M;  of  Artesian  wells, 
12;  of  springs,  14 ;  of  thermal  springs, 
18  ;  of  the  sea,  ^1 ;  of  lakes,  tb, ;  of 
the  planetary  spacea,  27;  of  the  at- 
mosphcTC,  ib. 

Tenii,  falls  of,  159. 

Tessicr,  M.,  on  the  human  remains 
discovered  in  the  caves  of  Soutliern 
France,  203. 

Thermal  springs,  in  the  Himalaya,  17; 
in  the  Alps,  18 ;  in  the  Pyrenees,  ib.; 
in  North  America,  ib. ;  in  China,  19; 
in  England,  ib. 

Thirria,  M.,  on  the  ossiferous  caverns 
of  the  Haute  Saone,  2U6 ;  on  the 
pisiform  iron  ore  of  the  Jura,  210, 
30D  ;  on  tlus  oolitic  rocks  of  the 
Haute  Saoni-,  317. 

Tliomson,  Dr.,  on  the  elementary  sub- 
stances in  coal,  377. 
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Thunuan,  M.,  on  the  oolitic  rocki  of 
the  Bernesu  Jura,  318. 

Tides,  Htreams  of,  chieiiy  felt  on  coAsts, 
92  ;  velocitieit  of,  it/. ;  in  the  English 
Channel,  ib. ;  in  die  Bristol  Channel, 
93 ;  in  the  Buy  of  Fundy,  ib. ;  dif- 
ference of,  between  the  ahure  and 
the  oHing,  W ;  in  the  Straits  of  Gi- 
braltar, 95  ;  in  llie  E'entliind  Frith, 
ib.;  in  rivers  and  estuaries,  Uti ;  trans- 
|>orting  power  of,  110. 

Tillurd,  C'upt.,  on  the  Island  of  Sabrina, 
118. 

Toinboro,  in  Sumbawa,  great  eruption 
t.f.  129. 

Tors  in  Devon  and  Cornwall,  43. 

IVappean  rocks,  44G,  4G1 ;  dvkes  of, 
■1()3. 

Trachyte,  137  ;  chemical  composition 
of.  452. 

Travertin,  at  San  Filippo,  158 ;  at  Ti- 
voli,  160. 

Trinidad,  pitch  lake  of,  102. 

Tiibi's,  lightning,  near  Drigg,  Cuniber- 
littid,  -iG. 

Turkey,  Capt.,  on  the  mouth  of  the 
Zuire,  or  Congo,  90. 

Turner,  Dr.,  aiialysisof  springs  in  India, 
157;  analysis  of  organic  reuiainsfrom 
the  lias,  348 ;  analyiiis  of  iisih  palates 
from  the  carboniferous  limestone  and 
chalk,  413. 

United  State*,  North  Aniericil,  supra- 
cretaceuiis  rocka  of  the,  2G9 ;  creta- 
ccoiLs  roek&  of  the,  302 ;  carboni- 
ferous deposits  of  the,  3!)8. 

Unstratitied  rocks,  44.'j  ;  elementary 
substances  entering  into  the  compo- 
sition of  the,  454. 

Val  d'Arno,  supracretaceouM  rocks  of 

the,  245. 
Val  de  Uagnes,  debacle  from  the,  til. 
VaUeya,  mountain,  2!) ;  lowland,  ib. ; 

fiat-hottonied,  30;  of  elevation,  31; 

of  denudation,  82 ;  dry,  in  Jamaica 

and  Peru,  33. 
Variegated  or  red  marl,  353. 
Vegetiition,  protcctioQ  afforded  to  land 

by,  216. 
Velay.  on  the  ossiferous  and  volcanic 

rocks  of  the,  272,  274. 
Vetch,  CapL,  on  the  raised  beach.  Isle 

of  Jura,  Hebrides,  175. 
Villcucuve,  M.  dc,  on  the  carboniferous 

rocks  of  Belgium,  391. 


Volcanic  cone,  variable  solidity  of, 
124. 

Vulcanic  exploeions,  aotiod  o(,  tnu- 
mitted  through  rocks,  143. 

Volcanic  matter,  injection  of,  smid 
stratified  rocks,  140. 

Volcanic  products,  gaseous,  117;  mi- 
neral, ib, 

Volconos,  active,  115;  in  Central  Ans, 
116;  inland  in  America,  ib.;  sub- 
marine, producing  islands,  118;  in 
and  around  the  Pacific,  122;  ol  the 
Atlantic,  123 ;  extinct,  134. 

Walcliner,  Prof,  on  the  pisiform  irou 
ore  of  Candem,  Brisgau,  310. 

Warburton,  Mr.,  on  the  Bagshot  Sands, 
263. 

Water,  superlicial  distribution  of,  2; 
compTessibility  of,  6 ;  teroperatiut 
of,  in  Artesian  wells  and  in  mines, 
12  ;  ma.\inium  density  of  fresh,  22; 
maximum  density  of  sea,  23 ;  action 
of,  in  the  destruction  of  rocks,  47; 
passage  of,  in  faults,  379. 

Watt,  Mr.  Gregory,  his  experiments  cm 
fused  luLsalt,  470. 

Watt,  Mr.,  on  a  submarine  forest  in 
Orkney,  108. 

Waves,  transporting  action  of,  at  diffe- 
rent deptlis,  88 ;  action  of,  on  shoals, 
ib.;  produced  by  earthquakes,  141. 

Weald  clay,  304. 

Wealdcu  rocks,  of  England,  304  ;  ge- 
neral observation  on  the,  307 ;  of 
Normandy,  308  ;  of  other  parts  4f 
Europe,  309. 

Weathering  of  rocks,  43. 

Weaver,  Mr.,  his  remarks  on  the  car- 
boniferous rocka,  385 ;  on  the  car- 
boniferous rocks  of  Ireland,  393 ;  on 
the  coal  in  grauwacke  of  Irdan^ 
428. 

Webster,,  Mr.,  on  the  plastic  clay  of 
the  Isle  of  Wight,  200 ;  on  the  fresh- 
water formation  of  the  same  island 
and  Hampshire,  264 ;  on  the  Pur- 
beck  beds,  306. 

Webster,  Dr.,  on  the  siliceous  deposits 
from  springs,  St.  Michael's,  Azures, 
156. 

Weiss,  M.,  on  granitic  resting  on  at- 
taceous  rocks  at  Weinbohlu,  291. 

Witham,  Mr.,  on  vertical  plants  in  tbe 
carbonifercius  rocks,  106, 

Wolloston,  Dr.,  on  the  currents  of  the 
StraiLi  of  Gibraltar,  105. 


Index, 


629 


Wood,  Mr.,  on  vertical  stems  in  Kil- 

lineworth  colliery,  407. 
WooSey,  Mr.,   on  rock  basins,    St 

Mary's,  Scilly,  46. 

Yates,  Mr.,  on  lakes  produced  by  the 
fall  of  mountain  masses,  62 ;  on  lakes 


formed  by  detritus  dischaieed  from 
a  cross  valley,  63 ;  on  a  submarine 
forest,  Cardigansbire,  169 ;  on  pris- 
matic clay  ironstone  near  trap,  duchy 
of  Nassau,  472. 

Zechstein,  or  magnesian  limestone,  358. 
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